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Better Welds Through Regulated 
Welding Current 


By B. Coopert 


and in the extension of these techniques to cover 

broader scopes of welding, it has become increas- 
ingly important that we discover new and improved 
ways of controlling the variable factors that enter into 
the making of a good weld. It is important that this be 
done because resistance welding offers a high-speed, 
highly reliable method of metal fabrication whose value 
to industry and our war effort is measured in millions of 
dollars. 

The purpose of this paper is to discuss one of the 
problems encountered, namely the maintaining or 
regulating of the welding current at its proper value in 
spite of variations in influential factors. The necessity 
of a current regulator has come about through the 
growth and extension of resistance welding into fields 
previously not covered, and in the introduction of in- 
dustrial programs designed to improve the consistency 
and quality of the welded products. As a matter of 
fact, the current regulator has by its use, made possible 
the resistance welding of many products which formerly 
had not fallen within the scope of this type of welding. 

The importance of the current regulator is empha- 
sized by examining the following equation which is the 
expression for the heat developed in the welded area. 


H = I*RT 


I: THE development of resistance welding techniques, 


where H = heat developed in the weld. 
I = welding current. 
R= electrical resistance of the weld. 
T = duration of current flow. 


Since the welding current appears in this expression 
as a squared term, then any variation in the welding 
current will have a multiplied effect on changing the 
heat in the weld. For example, a 10 per cent change in 
—a current causes a 19 per cent variation in welding 

eat. 
factor which may change the welding heat, as the equa- 
tion demonstrates. These other factors require equal 
care and attention. Control of the resistance at the 
section to be welded is accomplished by proper methods 
of cleaning, by use of correct electrode shapes and 
pressures, and by careful handling of material. Proper 
application of electrode pressure also produces a bene- 
ficial forging action. Electronic timing controls may be 
made sufficiently accurate for even the most precisely 
timed jobs. Once sufficient data is available for making 
the weld, the one remaining factor is that of setting and 
maintaining the welding current at its correct value. 


* Presented before the annual meeting of the WSLDINO SocteTy, 


October 18 to 21, 1943, at Chicago, Ilinois. 


_t Electronics Section, Industrial Control Engineering Division, General 
Electric Company. 


Of course, the welding current is not the only. 


Causes of Variations in the Welding Current 


One of the most frequent causes of variation in weld- 
ing current is a variation in the power supply voltage 
during the making of the weld. Since the welding cur- 
rent is directly proportional to the supply voltage, any 
change in the supply produces a proportional change in 
the welding current unless some compensations are 
made.'? While the current regulator is not designed 
to maintain the supply voltage at its normal level, it is, 
however, capable of nullifying the undesirable effects of 
any variations in the supply voltage. Because of cer- 
tain economic reasons or shortages in critical materials, 
it is sometimes not feasible to build a power supply sys- 
tem of sufficient capacity to withstand the severe short- 
time loads created by the welding machine, without 
having appreciable variations in line voltage. The 
application of a current-regulating device at such an 
installation permits high-quality, consistent welding 
comparable with the welding produced on a power line 
having only a few per cent regulation. 

The second two causes of changes in the welding cur- 
rent can be considered together since very often they 
occur simultaneously. These two causes are either a 
change in the power factor of the welding transformer 
and load, or a change in the impedance of the trans- 
former and load, or a combination of these two effects. 
That a change in impedance will cause a change in the 
welding current is an obvious fact, but why just a 
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desirable to use the same welding machine 


to make welds which may alternately re- 


quire using a welding gun connected in 


parallel with the secondary of the welder, 
or the main electrodes. This actually is 


a special condition of changes in im- 


pedance and power factor just previously 


described. Such a job would ordinarily 
require more than one heat control; each 


control would have to be adjusted differ- 


ently for each welding job, and in general 
would require a certain amount of cut- 


and-try juggling to get identical results 
with the finished product. On a set-up 


of this type, the current regulator can 


maintain constant electrical welding con- 
ditions irrespective of the projection of 


material into the throat of the welder and 


Fig. 2—Effect of Angular Retard on R.M.S. Current with Phase 


Control for Various Power Factor Loads 


change in power factor alone can cause the current to 
vary, is perhaps not quite as obvious. On examining 
Figs. 1 and 2, which show characteristic curves for phase- 
controlled currents in loads of any power fact, it can be 
seen that for any given point of phase retard, the per- 
centage current will vary with the power factor of the 
welding transformer and load. 

This change in impedance or power’ factor may come 
about in several ways. First, as the upper or lower 
electrodes of the welding machine are moved to alter 
the shape or size of the secondary throat to fit a specific 
welding job, this change in geometry of the throat will 
change both the impedance and power factor. While 
such a change in secondary throat impedance can 
usually be compensated for by some manual readjust- 
ment of welding transformer taps or the heat control 
setting, it would nevertheless be much more satisfactory 
to have one given setting represent a given welding 
current irrespective of welder throat geometry. A 
more serious case is when a welding gun is used without 
concentric cable; then the mechanical movement and 
separation of the cables during welding would create a 
changing condition that could not be compensated for 
by manual readjustments. Any change in the arrange- 
ment of the secondary will cause a variation of the 
welding current, and regardless of how this change takes 
place the net result is that a larger secondary throat 
will require a greater secondary voltage to maintain a 
given welding current, or vice-versa. 

The second and perhaps most frequent and trouble- 
some cause for a change in the power factor or im- 
pedance, or both, is the introduction of magnetic ma- 
terial into the throat of the welder. The presence of 
the magnetic material immediately changes the second- 
ary inductance, tending to make the welding load more 
reactive. At the same time, eddy current and hystere- 
sis losses in the magnetic material projecting into the 
throat increase the effective resistance of the secondary. 
If these two effects occur in proper proportions, there 
may be no appreciable power factor change, but rather 
an overall increase in impedance. However, generally 
there is a power factor change, the change depending on 
which is greater, the inductive or resistive effect pro- 
duced by the introduction of the magnetic material in 
the secondary throat. The power factor may then be 
made either more leading or more lagging than origi- 
nally, by these changes. Generally, the resistive effect 
is greater making the power factor higher. 

Still a third condition which exists is one where it is 
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irrespective of whether the weld is made 
between the main electrodes, or with the 
welding gun. 


Some Present Applications 


In one of the General Electric plants, it became 
highly desirable, in order to speed war production, to 
spot-weld many assemblies and parts of assemblies 
which had previously been either bolted together or 
welded by other means. Before such a program could 
be inaugurated, it was necessary to demonstrate t 
the Army and Navy that sufficiently high, and con- 
sistent quality-welding of these parts could be main- 
tained on production lines. The part played by the 
current regulator in the ‘quality-control’ program 
led to the immediate approval of the process, and con- 
vinced the factory welding engineers that it would be 
desirable to include one of these current-regulating con- 
trols with as many of the welding controls as possible. 

On a second application, the successful welding of 
hollow steel propeller blades aided greatly in the war 
effort. In the welding of the blade, different amounts 
of steel projected into the throat of the welder at various 
times causing changes in the welding current which 
could not have been tolerated. This difficulty was com- 
pletely removed by the addition of the current-regulating 
control to the standard welding equipment. (Fig. 3.) 


Fig. 3—Aircraft Propeller Set Up for Seam Welding. Elec- 
tronic Timing Control with Current-Regulating Control (Panel 
at Top) Shown at Right 
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Fig. 4-G-E Current-Regulating Control Panel. 


Front View, 
Door Open 


Another application was in the making of oil and gas 
drums, where at one time during the welding process, 
the entire drum projected into the throat of the welder. 
The variation im welding current coresponding to 
different positions of the drum in this particular case 
was about 40 per cent before the current regulator was 
installed, so a constant manual readjustment was re- 
quired. The change in current was so great that with- 
out readjusting the current, the drum was burned 
severely at one point, while at another point, it was 
not even tacked together. The current regulator held 
the welding current to within 1 per cent of the normal 
value throughout the range with the result that a uni- 
form weld was obtained at all points along the drum. 

Still another application lies in the welding of a large 
steel-plate section where it is inevitable that various 
amounts of the plate will be projected into the throat 
at different times. The part played by the current 
regulator is so important that it may represent the differ- 
ence between success and failure of mass production of 
these large irregular shapes. 

Certain types of steels must be heat treated after they 
have been welded. Such post-heat treatments as are 
required can be made with the welding machine before 
the welded part is removed. Proper heat treating can 
be accomplished only by raising the welded part to 
definite specified temperatures. This 
means very accurate control of the 
welding current where any variation 
in the current during the heat-treating 
period might otherwise result in poor 
heat treating and low-quality welds. 
The current regulator thus insures 
quality welding and heat treating in 
mass production. 

_The matter of making welds with 
either an auxiliary welding gun, or 


trol panel. The present types of regulators are designed 
to work with standard phase-controlled welding equip- 
ments. (Fig. 4.) It is absolutely necessary that phase- 
controlled panels be used because the current is regulated 
by means of automatically changing the phase-controlled 
current settings. If variations in the welding current oc- 
cur only as a function of line-voltage fluctuations then a 
more simplified and less expensive control than the one 
described here may be used. This simplified type of 
control, known as a welding voltage-regulating compen- 
sator, will maintain the welding current to closer than 
3 per cent of the nominal current setting for a plus 5 per 
cent to minus 25 per cent voltage change. 

However, if variations in the welding currents occur 
as a result of impedance or power factor changes, in 
addition to possible voltage variations, then the current- 
regulator control described herein is recommended. 


Phase Control Method of Current Adjustment 


In circuits employing gaseous type tubes such as 
thyratrons and ignitrons, the average load current 
carried by these tubes is controlled by controlling the 
relative portion of each cycle during which the tubes 
are permitted to remain conductive. For example, if 
the tube is made conductive at a point early in the cycle, 
the current will flow for a large portion of the cycle as 
shown in Fig. 5A, making use of a large portion of the 
available power. On the other hand, if the tube is made 
conductive at a point late in the cycle, as in Fig. 5B, the 
current will flow for a correspondingly shorter portion 
of the time, and give a correspondingly lower rms. value 
of current. By varying the firing point of the ignitrons, 
the magnitude of the current carried by them is ad- 
justed to any desired value. Again referring to Fig. 2, 
the effect of varying the point of firing during the cycle 
on the rms. value of current is demonstrated by these 
characteristic curves. The current regulator uses this 
principle as its basis of operation, automatically making 
any change in the firing point of the ignitrons that is 
necessary to maintain a constant welding current. 


How the Current Regulator Works 
In order to hold the welding heat at a constant value, 


it is necessary to keep the rms. value of the welding 
current constant. This is done by placing a current 


Lat 


between the main electrodes of the 
welding machine has already been de- 
scribed. These and many other simi- 
lar applications lie within the scope of 
the current regulator. 


Selection of Regulating Welding 
Equipment 


he current regulator may be built 
as an attachment to be used in con- 
junction with the main welding con- 
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Fig. 5—Phase Control Method of Current Adjustment 
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Fig. 6—Current Regulator Elementary Diagram 


transformer in the line supplying the welding trans- 
former and using the secondary current output to con- 
trol the welding current regulator. The regulator con- 
sists of: first, a special tungsten filament rectifier tube 
which measures the rms. welding current; second, a 
comparison and amplifying circuit for comparing this 
value of welding current with a normal value and giving 
a signal proportional to any deviation from normal; 
and finally, a phase-shifting circuit for controlling the 
wer ignitrons in the main welding control. Figure 6 
is a simplified circuit diagram of the current regulator. 
The heart of the regulating system is the tungsten 
filament rectifier tube whose filament is heated by the 
current from the current transformer and whose output 
is proportional to this current. Since an identical 
facsimile of the actual welding current from the current 
transformer heats the filament of this rectifier tube, any 
variation in the heat at the weld caused by current 
changes will produce a like variation in the temperature 
of the rectifier filament. The output of this rectifier 
tube which is operating in an emission-limited state will 
be directly proportional to the filament temperature 
and to the heating value of the welding current, and will 
therefore, be a true measure of the rms. welding current. 
The output of the emission-limited tube is compared 
with a reference voltage appearing across part of the 
voltage divider on the d.-c. control supply. This refer- 
ence or comparison voltage is held essentially constant 
by virtue of the voltage stabilizing action of trans- 
former (T2), so that it will not be affected by variations 
in the control voltage. The difference between the out- 
put voltage of the emission-limited tube and the refer- 
ence standard is applied to the grid of the first stage of a 
two-stage amplifier. The d.-c. voltage of the two stage 
amplifier is used as the d.-c. component in an a.-c., 
d.-c. phase-shift system employing thyratron tubes 
(7 and 8) and a transformer (T8) as a source of ex- 
citation for the peaking transformer on the main welding 
panel. This peaking transformer produces a peaked 
output voltage whose phase corresponds to the point 
of firing of Tubes 7 and 8. The peaked output voltage 
controls the firing tubes on the main welding panel and 
hence controls the power ignitrons. 
Regulation of the welding current is accomplished by 
changing the point of firing of the ignitrons as illus- 
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trated in Fig. 7. If the welding current tends to de- 
crease, the firing point is automatically moved to a 
point earlier in the cycle, thereby permitting the ig- 
nitrons to carry current over a larger portion of the 
cycle. If on the other hand, something attempts to 
make the current increase, this firing point is retarded, 
thereby reducing the time of current conduction per 
cycle and decreasing the current to normal. The new 
firing point is chosen by the regulator so as to make 
the rms. value of welding current essentially constant. 
Following through one regulating operation, let us 
assume that the welding current is higher than the 
nominal setting. Under this condition, the filament 


Vocrnee 


7A—Normal line 
voltage and load cur- 
leas rent. Phase relations 


shown for normal laa- 
ging power factor load. 
7B—lIf the magni- 
tude of the current 
wave is reduced, as 
might result from either 
a drop in line voltage 
or increase in load im- 
pedance, or combina- 
tion of these effects, the 
R.M.S. value of this 
half cycle of current 
wil; be restored tc 
normal by advancing 
the point of firing by 
the amount (e;). 
7C—It the magni- 
tude of the current 
wave is increased, s 
as might result from 
effects opposite those 
of (7B), the R.M.o 
value of this half cycle 
of current will be re 
stored to normal by re 
tarding the point of tir 
ing by the amount (« 
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Fig. 7—How the Regulator Maintains Constant R.M.S. Curren! 
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of the emission-limited rectifier (Tube 3) will be hotter 
than normal, and will cause the output of this tube to 
be greater than normal. The difference in voltage 
between the reference standard, and the output of Tube 
3, will make the grid of the first amplifying tube more 
negative. The resulting action of the two-stage am- 
plifier is that the plate (Point 19) of the second stage 
moves more negative, causing the peaker exciting tubes 
to be phase retarded. This in turn, retards the point 
at which the power ignitrons are made conducting and 
thereby returns the current to normal. 

Any type of regulator that controls the current by 
changing the point of firing, is obviously limited to 
operation below 100 per cent or less than full sine-wave 
current conduction. Once full sine-wave conduction is 
reached, no further regulation of the weld current can 
be expected. At points below the full sine-wave con- 
dition, the regulator will hold the welding current to 
within +2 per cent of the nominal setting, for changes 
that would otherwise have produced a +20 per cent 
variation in welding current. And + 20 per cent change 
in circuit impedance is by no means the outside limit 
of regulating possibilities. This regulator will hold 
the current essentially constant over a possible 5 to 1 
change in current, having a regulating error over this 
range in the order of 5 per cent. 


Switching of Emission-Limited Tube Filament 


Since welding current does not flow continuously in 
the welding line, the filament of the emission-limited 
tube would be heated only intermittently if some other 
means were not provided. It is necessary to have the 
filament of the emission-limited tube already near its 
normal operating temperature in order to eliminate any 
appreciable thermal lag which would hinder fast and 
accurate control at the start of each weld. Therefore, 
this control provides a stand-by source of voltage to 
excite the filament of Tube 3 when no line current is 
flowing. This procedure allows the emission-limited 
tube filament to be preconditioned according to the 
magnitude of the stand-by source of voltage. At the 
instant welding current does flow, the filament of Tube 
3 is switched from the stand-by source to the voltage 
supplied by the line-current transformer. The regulator 
then performs its regulating duties as previously de- 
scribed. However, the initial cycle of weld current 
will have a magnitude determined by the temperature 
of Tube 3 at the instant prior to the starting of the weld. 
By controlling and regulating the filament current prior 
to the start of the weld, the initial cycle of weld current 
may be made any value desired. By use of the tandem 
potentiometers P3/P4, and the milliampere meter, the 
starting current may be easily set. Usually, it is most 
desirable to set the first cycle to be as near as possible 
to the other cycies that will follow. This can be done 
to an accuracy of approximately 5 per cent which should 
be quite satisfactory for most cases. 

Since the starting cycle is set at an arbitrary value to 
be approximately the same as the following cycles of 
welding current, it is apparent that should the duration 
of the welding cycle be made too short, any error in the 
manual presetting of the starting weld current will be- 
come an appreciable part of the total welding heat. 
For this reason, minimum “on” or weld time of not less 
than six cycles is recommended. Also, in the switching 
of the emission-limited tube filament from the current- 
transformer voltage back to the stand-by source, a small 
transient is introduced in the control circuit. In order 
to be sure this transient has completely died away, the 
minimum “‘off” or cool time during seam or pulsation 
welding should be not less than four cycles. 
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“Memory” Circuit and Its Use 


In the making of long seam welds such as a longi- 
tudinal seam on a drum or plate moving into a deep- 
throated welding machine, the change in impedance 
comes in gradual steps and in a uniform manner. For 
this type of set-up it would be desirable to not have to 
start at the manual setting described in the previous 
paragraphs but rather to provide some means of auto- 
matically changing the starting point of the beginning 
cycles of each spot in such a manner that less error is 
introduced. A ‘“‘memory”’ circuit has been developed 
which automatically records the phase setting last held 
by the current regulator, and starts the next spot at 
the same heat setting as was held on the last cycle of 
the previous spot in the seam. This assumes that the 
current regulator was operating and had held the 
current correctly at the end of the last spot, so that as 
the welding wheels index or move to the next spot, only 
a very small change in impedance will have taken place. 
If the beginning cycle of each new spot is at the same 
heat value as the last cycle of the previous spot, then 
it will be more nearly correct than any manual adjust- 
ment could be. As the phase setting is changed to com- 
pensate for changes in impedance, this ‘“‘memory”’ cir- 
cuit automatically changes the starting point to the new 
phase position as determined by the regulator. Through 
such a procedure, the current is maintained very closely 
on even the first cycles of each spot. 

This “memory” circuit is arranged so that when it 
starts up initially, it gives a retarded phase setting 
which is brought up to correspond with the correct 
setting as determined by the regulator, within 2 to 3 
cycles. The length of ‘‘memory”’ may be any value up 
to 1 minute. By employing a more elaborate filament 
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switch system with this more accurate method of ad- 
justing the initial cycles of starting current, the welding 
cycle limitations may be reduced to 2 cycles ‘“‘on’’ and 
2 cycles “‘off’’ in a seam weld. The use of this circuit 
in a seam welding offers great possibilities for high- 
quality seam welding where, hitherto, large changes in 
impedance have made the job extremely difficult. 


Operation Features 


The ranges over which the current regulator is effec- 
tive in maintaining a constant welding current have 
already been discussed. Typical curves indicating 
operating characteristics when voltage changes are 
encountered, or when impedance and power factor 
changes occur are given in Figs. 8 and 9. The speed 
with which these corrections are made is extremely fast; 
for example, should a 20 per cent change in current occur 


due to some instantaneous change in impedance or 
voltage, the current will be returned completely to 
normal by the start of the third cycle following the 
circuit disturbance. 


Extension to Series Capacitor-Improved System 


While at the present time, no actual installations have 
been made of current regulators on series-capacitor 
welding systems, such an installation would require 
only a few minor changes in the standard control to 
adapt it to the new welding system. Experimental 
set-ups have been made and satisfactory operation 
accomplished. 

The response of the regulating control will be much 
the same as on the welding systems without the series 
capacitors except that the speed of correction will be 
dependent to some extent on the electrical constants of 
the welding system. The reason for this is that an 
appreciable time (in the order of a few cycles), will 
be required to change the pre-charge of the series capa 
citors to the proper value. Along this same line, it 
will be necessary that the welding control to which the 
current regulator is applied, have the ability always 
to start the weld with a current flow of one polarity, 
then allow an even number of half cycles to flow, and 
terminate the weld with a cycle of current flow of polar 
ity opposite to the initial starting cycle. If this is 
not done, the series capacitors may possess the wrong 
polarity charge at the beginning of the cycle with the 
result that a uniform welding current will not flow until! 
the proper pre-charge on the series capacitor has been 
built up. This does not appreciably limit the ap- 
plication of the current regulator on series capacitor 
systems, because nearly all of the welding controls 
furnished for series-capacitors welding systems are 
capable of the type of control mentioned above. 


Summary 


The introduction of the current regulator as an 
auxiliary resistance welding control to be used in con 
junction with standard welding control represents 
just one more step in our quest for more efficient and 
reliable methods of production. Like many other 
new devices, the current regulator not only allows 
old jobs to be done more satisfactorily, but opens new 
and fertile fields for the extension of resistance weld- 
ing. A few of its applications have been described 
briefly, but these by no means cover the entire scope 
of application. In conclusion, it can safely be said, 
that the importance of the current regulator will be 
come more and more evident as its abilities become 
better known among welding engineers. 


Practical Design of Welded Steel Structures 
By H. M. Priest 


An attractive booklet of 150 pages’*bound in cloth covers with subject index. 
This book will be of great assistance to those concerned with the design, 
inspection or the welding of steel structures such as buildings and bridges. 
Price $1.00. American Welding Society, 33 W. 39th Street, New York 18, N. Y. 
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Electronic Control of Gas-Cutting 
Machines 


By R. D. McComb! 


NE of the most important considerations in the 

design and operation of gas-cutting machines 

is that of guiding the machine smoothly and 
accurately about the template or drawing. A number of 
different types of control have been developed for this 
purpose utilizing paper, plywood, steel and other materials 
for the template, and using magnetic, spindle, track-type 
or simply manual tracing devices on the machine. 

Each of these types of control has a definite place in 
the gas-cutting field, depending upon the number of 
pieces to be made from a given template, and the type 
of work and accuracy required. 

The control described in this article is designed to 
automatically guide the machine completely around a 
template, which consists of a pencil drawing on white 
paper, absolutely independent of the operator once the 
cut has been started. 

Although the control itself is electronic, the operation 
is described in non-electronic language and is explained 
by the use of diagrams which can easily be followed by 
anyone familiar with machine gas cutting. 


Results Obtained 


The use of this control will do much toward im- 
proving the quality and reducing the amount of scrap 
and extra work when applied to most gas-cutting jobs. 
The operator is relieved of the responsibility of guiding 
the driving wheel around the template so that he may 
spend his time to better advantage planning the next 
cutting job, and adjusting the torches or cutting speed 
if required during the cut. 

One of the most important factors in reducing cost 
and increasing production is that of making each part 
exactly like the preceding part. This control elimi- 
nates the human error and makes 100, 1000 or as many 
pieces as are required, each one free of human error. 
This greatly facilitates inspection of the work, as the 
inspector can simply measure one piece of each lot and 
be assured that all of the remaining pieces are of the 
same dimensions. 

In many cases, a saving of space and machines used to 
make templates, as well as personnel, may be effected 
because of the ease with which templates for this con 
trol are made and stored. The template simply consists 
ol a piece of paper or white cardboard, upon which is 
drawn the shape which it is desired to reproduce. This 
may be done in heavy pencil, or in ink. Pencil is gener- 
illy preferred since many of ‘the templates are done on 
vertical drafting boards. Corrections can also be 
made more easily in pencil. In order to obtain a more 
permanent template, it is possible to use a narrow ink 
ling backed up by a wider pencil line, or to use a striping 
device to make a wide ink line. Spraying templates 
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Fig. 1--Essential Parts of Gas-Cutting Machine Before Adding 


Electronic Control 


with a thin coat of clear lacquer will help to prevent soil- 
ing of templates due to handling and dusty atmosphere. 

Blueprints or black-and-white prints may be used 
as templates if the errors due to shrinkage of the paper 
and slippage when passing through the blueprint ma- 
chine are not objectionable. The reduction of labor 
and machinery required in making the template, the 
savings in template material and the ease with which 
these templates may be stored, all tend to reduce the 
over-all cost of machine gas cutting 


Description 


Figure 1 shows a sketch of a portion of a gas-cutting 
machine. Member A may be the tracing arm of a 
pantograph type of machine, or the cross carriage of the 
two-track type of machine. In operation, this member 
will always remain parallel to the east-west line (top 
view), although it may be driven in any direction by the 
driving wheel. 

Che driving wheel is rotated at a constant speed by a 
driving motor, not shown on the diagram. The speed 
of this driving wheel is constant, although the operator 
may steer it in any direction by rotating the spindle. 

The gas-cutting torches are mounted on the same 
member, so that they exactly follow the motion of the 
spindle supporting the driving wheel. In other words, 
this machine is simply a standard gas-cutting machine 
arranged so that the operator can guide it manually about 
the template. 

Figure 2 shows this same with 
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Fig. 2—Addition of Steering Motor to Gas-Cutting Machine 


motor added, geared so that it may rotate the spindle 
in order to guide the machine. This motor simply 
performs the function formerly done by the operator, 
namely, that of rotating the driving-wheel spindle so 
that the driving wheel is guided in the proper direction. 

In Fig. 3, another gear has been added to the steering 
motor shaft, and a drum, B, is geared so that it rotates 
with a ratio of 1:1 with the driving spindle. 

Figure 4 shows a close-up of this drum which has a 
lens, D, mounted a short distance away from its center 
of rotation. 

The drum is supported in bearings so that it may 
rotate about center line XY. The light source and lens 
C flood the entire bottom end of this cylinder with light. 
Lens D collects some of this light and projects it in the 
form of a small spot on the paper template at point E. 


Fig. 3—Addition of Moving Parts of Electronic Control Optical 
System to Gas-Cutting Machine 
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One or more phototubes are mounted so as to receive 
the light reflected back from the template. This re- 
flected light causes an electrical signal to be produced 
which is proportional to the amount of light reaching 
the phototubes. 

Since the amount of light which reaches the paper at 
point E is constant, the amount of light which reaches 
the phototube depends upon the surface of the paper 
at point Z. If this is plain white paper, considerable 
light will reach the phototube and its electrical signa! 
will be fairly large. Ifa black line is drawn on. the paper 
at point Z, much of the light received from the optical 
system will be absorbed by this black line. Therefore, 
the amount of light reaching the phototube, and the 
phototube’s electrical signal in turn, will be small. 


Light source 


Fig. 4—Details of Optical System 


Operation 


The position of this small spot of light, Z, when the 
control is following along a straight line is shown in Fig. 
5. The control is adjusted so that the steering motor 
is at rest when the spot of light is half on the black line 
and half on the white surface of the template adjacent to 
the line. If the spot of light moves in either direction 
away from its correct position as shown in Fig. 5, a 
signal is given to the steering motor to return it to its 
proper position. The circuit is arranged so that if the 
spot should approach closer to the line, as shown in Fig. 
6, both the optical system and the driving spindle will 
be rotated in the counterclockwise (top view) direction 
If the spot should tend to leave the line and, therefore, 
strike the white paper surface, as shown in Fig. 7, the 
optical system and driving spindle will move in a clock 
wise direction. 

As shown in Fig. 8, this response is not limited t 
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merely one position of this spot; the control can con- 
tinue to follow around a circle, or other such figure, 
1s many times as required. When following the curved 
line in Fig. 8, the steering motor is continually given a 
slight signal, due to the fact that the spot will always 
be traveling in the direction indicated by the driving 
wheel, and would therefore tend to leave the edge of the 
curved line if the steering motor did not turn the driving 
spindle clockwise. 

Therefore, when following a curved line such as this, 
the spot will not quite be centered on the line, but will 
follow in such a manner that slightly more of its area 
is on the white paper template than is on the black line. 
In that way a slight signal is continually given to the 
steering motor so that the control is smoothly turned 
around the circle and produces a smooth, clean cut. 

The action of the control when steering the machine 
around a square corner is shown in Fig. 9. The spot 
approaches the corner as shown in a and 6. In 8, it is 
just beginning to leave the straight portion of the 
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Fig. 5—-Control Following Along Line in Direction of Arrows 


vertical line, and therefore, the phototube is beginning 
to receive more light than it received ina. By the time 
the driving wheel has advanced the carriage to the 
position shown in ¢, the steering motor has begun to 
rotate the optical system and the driving head, and will 
continue to do so while the spot advances through the 
position shown in d. As shown in e, the control will 
position itself, with the spot approximately half on and 
half off of the black line of the template, and, due to the 
inertia of the machine carriage, the true position of the 
torches may pass slightly beyond the new line of motion 
as shown in f. 


Accuracy 


As can be seen from Figs. 8 and 9, the true position of 
the torch does not correspond with the true position, 
of the spot when going around a sharp curve or corner. 
If the machine is traveling quite slowly, as would be the 
case when cutting heavy material, the tendency of the 
driving wheel to skid after the control has turned the 
spindle through 90° will be very small, and the cut ob- 
tained will be somewhat as shown in Fig. 10. If, how- 
ever, the machine is operated at high speed, the ma- 
chine might tend to skid beyond its proper position, 


_ “9 cut obtained would be somewhat as shown in 
“ig. 11. 
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Fig. 6—Spot Too Far on Black Line: Control Turns Spot and 
Driving Wheel Counterclockwise 
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Fig. 7—Spot Too Far on White Surface: Control Again Returns 
Spot to Position Shown in Fig. 5 
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Most normal cuts will fall somewhere between the two 
extremes and will, therefore, produce the effect shown in 
Fig. 12, which consists of a slight rounding off of the 
corner, plus a slight raised spot on the top surface of the 
cut. It should be noted that these drawings are en- 
larged and the error is exaggerated in order to show the 
result more clearly. 

However, the effect of these two errors is negligible. 
The distance from the center of rotation of the spot to 
the spot, is never more than approximately ‘/, in. For 
many cases, this distance may be as small as '/i or 
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Fig. 8 (Greatly Exaggerated)—Operation of Control in Follow- 
ing Along Curved Template 
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Fig. 9 (Greatly Exaggerated)—-Operation of Control in Follow- 
ing a Right-Angle Corner 


'/s in., and therefore, this error will be correspondingly 
reduced. 

If the distance between these two points were the 
maximum value ('/s in.), then the error as shown in Fig. 
12 would be '/3 in. or less. However, in most cases it 
will be found that the small projection, which is located 
on the top flat surface of the cut, will be partially burned 
off, due to the fact that the torch heats this material on 
the trip up along one side of the template and, as it turns 
to follow the new path along the top of the template, 
this material (which has already been heated to quite a 
high temperature) is burned off easily. Therefore, the 
error involved will usually be even less than this '/% 
in. 

Theoretically, it would be possible to change the radius 
of rotation of the spot, so that for high-speed cutting 
this radius would be fairly large, and for cutting on 
heavy stock at low speed, it would be very small. In 
actual practice, it has been found that an intermediate 
adjustment will be satisfactory for almost all of the work 
that is encountered in machine gas cutting today. If it 
is necessary to secure more precise operation, the tem- 
plate may be modified slightly, as shown in Fig. 13, so 
that a very nearly square corner may be obtained. 

The diameter of the small spot of light on the paper 
is about '/;, in. Therefore, by the time the spot has 
moved !/¢ in. away from its correct position, well over 
half of the maximum available signal has already been 
applied to the motor. This means that when following 
a straight or slightly curved line the error will, in most 
cases, not exceed '/¢ in. at most. 

In actual operation, it has been found that these 
errors are well within the permissible tolerances for all 
work encountered yet. 

Since a full-sized template is used, the accuracy with 
which templates can be drawn is well within the per- 
missible tolerance. Due to the fact that the machine 
constantly compares the torch position directly with the 
template, cumulative errors due to the driving wheel 
slipping are not present. 

In addition to the fact that the error involved in the 
system is so small, there is one feature which cen- 
tributes materially to this accuracy and speed of re- 
sponse, and that is the smoothness ofeoperation of the 
control. The control does not provide an “‘off-on”’ 
signal, but instead provides a signal which varies 
smoothly as the spot is moved from its correct position 
to a position on either the black line or the white paper. 
Therefore, it provides a correction which is approxi- 
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mately proportional to the amount of error. This type 
of control, together with an anti-hunt circuit which is 
included in the electrical circuit of the equipment, com 
bine to provide a control which rotates the spindk 
around a corner much more rapidly than could be done by 
hand, and yet maintains better accuracy than that ob- 
tained under manual control. The speed of rotation 
of the driving spindle when allowed to rotate freely is 
approximately 100 r.p.m., or almost two complete revolu 
tions every second. Therefore, when the driving whee! 
approaches a corner, it is turned to its new position very 
rapidly. This makes it possible to follow intricat 
shapes with very good accuracy. 


Conclusion 


The control described here is able to reproduce, with 
excellent accuracy, any shape produced by a gas-cutting 
machine of the pantograph or two-track type. The 
electronic circuit and the optical system are all com 
pletely enclosed, so that they are protected from the dirt 
and abuse usually encountered in this type of manu- 
facturing. 

Both the quality and quantity of machine gas-cut 
parts are improved, because of the accuracy, speed of 
response and ease of operation of this control. Thess 
features, together with the simple template require 
ments, assist in reducing the cost of gas cutting. 

It is expected that this type of control will soon bi 
come well known in many other manufacturing fields 
in addition to the gas-cutting industry. 


Electronic Control Circuit Details 


The electronic control circuit is shown in Fig. 14 
Tube | is a rectifier tube which supplies d.-c. power for 
the phototube and for amplifier tubes 2 and 3. A sepa 
rate rectifier supplies d.-c. power for the motor field. 

The phototube is connected in a bridge circuit which 
is made up of resistors Rl, R2, R3 and the phototub« 
The resistance of the phototube varies as a function 
the amount of light which it receives. Therefore, th 
circuit is adjusted so that when the spot of light is half 
on the white paper of the template and half on the 
black line, the signal applied to the left grid of tube 
2, is equal to the signal applied to the right grid of this 
tube. In other words, the voltages across Rl and RK? 
are equal. 

Under these conditions the output of both plates of 
tube 2 will be equal. Therefore, the signals applied 
to the grids of tube 3 will be equal. 

Since an equal signal appears on each grid of tube 
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Fig. 10—Type of Error Produced at Low Speed. Fig. 11—Type 

of Error Produced at High Speed. Fig. 12—Type of Error 

Produced at Intermediate Speed. Fig. 13—Change in Tem 

plate Which May Be Used . Correct Error Produced at Low 
peed 
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Fig. 14—Electronic Circuit Diagram—Electronic Control for Gas-Cutting Machine 


the currents which flow in the windings of saturable 
reactors SR1 and SR2, which are connected in the plate 
circuit of tube 3, will be equal. 

The a.-c. windings of saturable reactors SR1 and SR2, 
are connected in the grid circuits of tubes 4 and 5, re- 
spectively. These tubes are thyratrons which are con- 
nected in inverse parallel, so that when tube 4 is allowed 
to conduct current, the current flows from the a.-c. line 
up through the motor armature circuit and back into 
the top a.-c. line. If tube 5 only is allowed to conduct, 
the current flows in the opposite direction and therefore, 
flows downward through the motor armature. In that 
way, d. c. may be obtained from the a.-c. line and the 
motor may be driven in either direction by turning on 
either tube 4 or 5. 

If both tubes 4 and 5 are turned on by the same 
amount, the current through the armature of the motor 
will be a. c. and the motor will not rotate. If tube 4 is 
allowed to pass slightly more current than tube 5, the 
result will be a slight ‘‘d.-c. component” of current 
in the armature circuit. Therefore, the motor would 
revolve slowly in one direction. 

The amount of current which is allowed to pass by the 
thyratron tube is a function of the d.-c. current in the 
windings of saturable reactors SR1 and SR2. When the 
current in the d.-c. winding of SR1 (which is in the 
plate circuit of tube 3) is increased, the amount of cur- 
rent which tube 4 is allowed to pass is increased by phase 
shifting of the thyratron. If the d.-c. current through 
SR1 and SR2 is the same, then thyratron tubes 4 and 
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5 will both conduct the same amount of current and the 
steering motor will not rotate. 

The net result is that if the voltage across R1 is equal 
to the voltage across R2 (that is, the spot is centered on 
the edge of the line), then thyratron 4 will conduct the 
same amount of current that thyratron 5 conducts. 
Under these conditions the motor will not rotate and the 
control will continue to follow along the line in the same 
direction. 

If the spot should tend to move toward the white 
paper, the resistance of the phototube will tend to de 
crease. This will increase the voltag: 
R2 and consequently will cause SR2 to pass more d.-c. 
current, and tube 5 to pass more current through the 
motor armature. This will result in rotating the steer 
ing motor in such a direction that the spot returns to 
the position where it is centered on the edge of the 
line. 

The action of this control is such that it provides a 
smooth signal which produces only as much correction 
as is required. That is, if the spot is only slightly away 
from its correct position, the amount of torque which 1s 
delivered by the steering motor is small and therefore, 
the spot moves smoothly to its correct position. If, 
on the other hand a corner is reached and the amount of 
light on the phototube suddenly becomes considerably 
greater than it should be (see Fig. 9 (c)), then full voltage 
will be applied to the correcting motor and the steering 
spindle will be rapidly rotated until the correct position 
is reached. 
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Hard-Facing in the War on Wear 


By John A. 
Abstract 


AR requirements have given an added 

impetus to the “‘War on Wear’ campaign. 

Since reduction of excessive wear is the main 
problem in such a campaign, an analysis is made of the 
factors causing wear. A chart is presented to show 
graphically the properties of the various hard-facing 
alloys and to indicate the kind of wear that each type of 
alloy can best combat. 

The author then discusses selection of the hard-facing 
material, selection of the base material, preparation of 
the part for hard-facing and application of the hard- 
facing material. The numerous factors which enter into 
the successful solution of each of these problems are 
enumerated and discussed with examples of actual hard- 
facing problems that have been successfully solved. 
The ‘‘what-not-to-do” and “why” on some of these 
problems is discussed. 


Hard-Facing in the War on Wear 


When in reports from the War Production Board we 
read that astronomical numbers of combat machines 
and parts are being produced by the industrial world, 
we must pay tribute to the men of production. These 
numbers are an important sign of our ultimate victory. 
But to the men who are responsible for the maintenance 
and repair of installations and machinery, such pro- 
duction figures sound the alarm bell. 

Evidence of the staggering need for replacement of 
wearing parts confronts us every day. Operation of 
equipment twenty-four hours a day, seven days a week, 

* Presented at the Annual Meeting, A.W.S., Chicago, Ill., Oct. 18 to 21, 


+ District Manager, Haynes Stellite Company, Chicago, Ill. 
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further necessitates the replacement of operating parts 
more frequently each day or month. Therefore, a con- 
tinued ‘“‘war on wear’’ is necessary in order to reduce the 
down time and to maintain maximum production. 

Most certainly the welding industry has contributed 
materially to this ‘“‘war on wear’’ by hard-facing worn 
parts; this not only eliminates the need for a new part 
—which, in these times, is hard to obtain—but also in- 
creases the life of the original part. This preventive 
maintenance is sound practice for new parts as well as 
for worn parts, so the examples we shall show later will 
include both types of applications. 

Before undertaking any wear problem, we should 
analyze the job completely. The factors that cause the 
wear will determine whether the part should be hard- 
faced or not and what type of hard-facing to use. Since 
it is generally admitted that very little is known about 
the mechanism of wear, we can appreciate how difficult 
it is to measure or predict the wear resistance of a metal 
The mechanism of wear involves such a large number 
of interdependent factors that single, isolated tests can 
rarely approximate the service conditions. 

Our approach to wear problems should therefore b 
based on actual experience rather than on unpredictabk 
factors. 

The accompanying chart (Table 1) is not presented 
as a hard-and-fast set of rules; its main purpose is to 
assist in a review of a few types of hard-facing materials 
to illustrate what can be done to guide in the selection 
or elimination of certain types of hard-facing materials 


Selection of Hard-Facing Material 


The first step in approaching the problem of hard 
facing a part, then, is a review of the service to which 
the part is subjected. Some of the factors to be taken 


Characteristics of 


Table 1—Guide to Selection of Hard-Facing Materials 


Hard-Facing Materials 


————— Resistance 

Material Abra-| Ero- |Corro-| peat | Im- | may | Po (as Deposited) Strength, Psi Properties 
sion | sion | sion | Pact iShock | 

1 |High-hardness’ co-| 

balt - chromium-| § i C - 47,000 leg istance 

45 Rockwell C : V’ear resistance 


tungsten alloy 
| 2 |High-tensile cobalt-| 


O-A |'31-40 Rockwell Cc) Resistance to wear, 


chromium-tungs- | Ge S 105,000 hes nai d 
ten alloy Arc 31 Rockwell C 
| 
| 3 |High - Chromium cia bs S pe 40-45* Rockwell C 40,000 For manganese 
Iron Alloy 26-30 Rockwell C steel parts 
| 4 |Rods with tungsten For earth-moving 
| | carbide grainsina) —|— - — O-A | | and agricultural 
steel matrix | | equipment 
| 5 Nickel-base alloy | [Resistance to ther- 
| (with Cr, Mo, W,; — G S° Ss Ss | §S | Ase 200 Brinell 72,000 to 80,000! mal shock and 
} Fe) | | | heat; machinabil- 
S = superior; G = good; — = not outstanding; * = after work hardening. 
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into consideration in determining the hard-facing alloy 
to use on the application are: 


1. Is the part subjected to abrasion? 

2. Is the part subjected to erosion? 

3. Is the part subjected to corrosion? 
what acid or corrosive material? 

4. Is the part subjected to heat? 
mately what temperature? 

5. Is the part subjected to 
degree? 

6. Is the part subjected to thermal shock? 


If so, from 


If so, approxi- 


impact? To what 


This analysis will frequently show that more than one 
factor must be taken into consideration. This neces- 
sitates checking the available hard-facing materials to 
determine which would be most suitable to handle this 
combination of factors. For example, one type of hard- 
facing material may have superior abrasion resistance 
but will not withstand severe impact; another may 
have a good abrasion resistance but will not withstand 
corrosion; still another type of hard-facing material 
may withstand all the conditions and yet not withstand 
thermal shock. 

How these factors affect the selection of hard-facing 
alloy in specific examples will be shown later. 


Applying the Hard-Facing Material 


The following are to be considered in determining the 
welding procedure: 


1. What is the analysis of the base material? 

2. Is it necessary to heat treat the base material 
before or after hard-facing? 

3. How should the surface be prepared? 

4. What welding process should be used for the 
application? 

5. Would a casting or strip of hard metal brazed 
to the part be more economical than hard- 
facing? 

Certain types of hard-facing materials can be applied 
only by the oxyacetylene method, others only with the 
electric arc or atomic hydrogen. Still others work 
readily with any one of the three methods. Some hard- 
facing materials when applied by the electric are will 
crack or have a porous structure. On many jobs sur- 
face imperfections are not permissible and one of the 
other methods of application must be used. 


Selection of Base Material 


When there is a choice of the base material, con- 
sideration should be given to the service to which it is 
subjected. For instance, if a part is subjected to impact 
and heat, a base material of high strength must be used. 
On hot-punching work, where considerable impact is 
involved, it is possible to make the punch of S.A.E. 
1020 providing thicknesses being punched are no greater 
than 1/, inch. For punching material several inches 
thick, however, high-strength base material must be used 
for the punch body. 


Preparation of Part for Application of Hard-Facing 
Material 


The factors to be taken into consideration in the 
preparation of a part for hard-facing are as follows: 


1. Should the part be preheated to prevent cracking 
or help control warpage? 

2. Has sufficient allowance been made to compensate 
for distortion and shrinkage? 

3. Has the part been properly cleaned? 


For example, one problem was to apply hard-facing 
to a 5-in. diam. sleeve having a wall thickness of '/; 
in. so as to end up with a deposit 0.100 in. thick and still 
retain the 5 in. O.D. Ordinarily one would think the 
sleeve blank should be prepared by machining it to 
4.800 in. O.D. to allow 0.100 in. on each side for the hard- 
facing deposit. Instead, the sleeve is machined to 4.880 
in. O.D. (0.080 in. larger than would seem correct) and a 
deposit of hard-facing alloy about '/s; to */,» in. is then 
applied on the surface. While cooling from the hard 
facing application, the part shrinks so that when ground 
to a 5 in. O.D. the deposit will be found to be just 
about 0.100 in. thick—the oversize allowance being 
absorbed by shrinkage. The hole, which will have be- 
come smaller, can, of course, be bored to correct size. 

Another example is facing the cutting edge of a long 
blade. If the blade were laid flat and hard-faced it 
would distort by bowing during the hard-facing opera- 
tion. In an attempt to straighten this blade the hard- 
facing deposit would be put under tension and cracking 
would undoubtedly result. On the other hand, if a 
reverse bend is put in the part by clamping the ends of 
the blade to a table with a support under the center of the 
blade, it is relatively easy to straighten the part without 
cracking the hard-facing. As it cools, it will pull itself 
almost straight, and final mechanical straightening will 
put the deposit under compression rather than tension. 

On large parts and parts having a deposit in the form 
of a ring, it is often necessary to preheat to prevent 
cracking. For instance, when a large steam valve disk 
is hard-faced, uniform preheating of the entire disk 
reduces the welding time and prevents cracking of the 
hard-faced deposit. 


Advantages of Hard-Facing 


The advantages of hard-facing are 

1. Longer life of equipment. 

2. Fewer replacements with resultant savings in 
labor charges and lost production time. 

3. Utilization of low-alloy metal as the 
wearing parts. 

4. Salvaging or reclaiming of worn parts. 

Oo. Savings in power consumption. 

6. General increase in operating efficiency. 


base for 


The hard-faced part, especially if it is a part with 
cutting edges, remains sharp longer, thereby reducing 
the power consumption of equipment—which is a ma- 
terial saving. WHard-facing also increases production 
and saves time by reducing the number of shutdowns of 
equipment. For instance, when a hard-faced part lasts 
four times longer than the original part, three shutdowns 
are eliminated. In some cases the hard-faced part 
makes possible a speed-up of equipment and thus con- 
tributes in another way to increased production. 

An outstanding feature of this method is that the 
parts can be repeatedly hard-faced. In one drop-forge 
plant in the Chicago area the same hot-flash trimming 
die has been maintained in operation by resurfacing for 
over eight years. While the cost of initial application 
and grinding in many cases approximates the cost of a 
new part, the additional life obtained makes the ultimate 
cost substantially lower. 


Hard-Facing of Worn Parts 


To illustrate the use of the chart as a guide let us con 
sider a few examples: 

Coal undercutter bits are subjected to severe abrasion. 
They must resist tremendous wear. Two materials on 
the chart (Table 1) might do, No. 1 or No. 4. Both 
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Fig 


Fig 


3 .4 
Fig. 1—A Rotary Jig Is Used to Expedite Hard-Facing of Coal Undercutter Bits 
Fig. 2—-Checking the Progress of Hard-Facing on a Manganese Steel Crusher Mantle 
Fig. 3—-Steel Sand-Crusher Rolls Protected with Type No. 1 Rod 
Fig. 4—When This Cogging Mill Roll Was Cleaned Up, Undercutting Revealed That the Alloy Deposit Was 
Too Shallow 


have been tried; both are suitable in certain formations. 
The No. 4 alloy is the more wear-resistant and is by far 
the more widely used. 

The bits are placed on a rotary jig (Fig. 1) and are 
tipped with just a drop of the hard-facing alloy. One 
operator can do from 600 to 700 bits an hour. Due to 
the close positioning of the bits on the jig, the blowpipe 
flame acts as a preheating flame on the next bit to be 
faced. 

Another example is the selection of rod for hard- 
facing manganese steel crusher mantles. One mantle 
had a life of approximately six months; at the end of 
this time the 2'/. in. wall thickness was practically 
worn through. The principal consideration was severe 
impact upon the face of the mantle, although the abrasion 
was also quite severe. The base metal in this case, 
manganese steel, requiring deposits in places up to 1!/2in. 
in thickness, made Type No. 3 alloy the most suitable 
hard-facing alloy. 

One of the castings was reclaimed, after being taken 
out of service, by building up the worn surface with this 
alloy, using the electric arc process ¢Fig. 2). Ninety 
pounds of the alloy was applied in 25 liours. The total 
cost of rebuilding, including overhead, amounted to 
slightly more than 25% of the cost of a new mantle. 
At the end of four months, after crushing 28,000 tons 


Three more mantles have been reclaimed and all have 
shown that their life expectancy is twice that of the u 
faced mantles. 

In similar service, steel sand-crusher rolls (Fig. 
have been hard-faced with an alloy of Type No. 
Of course, the principal wear factor is abrasion. B« 
cause these roils are crushing sand, impact is of littl 
corsideration. Type No. 1 rod was applied by thi 
electric arc process, and kept the rolls in service for over 
a year. 


Hard-Facing for Resistance to Heat 


We are all interested in the techniques used by som« 
of our Allies to reduce down time and save metal. T! 
following is a description, sent from England, of 
cogging roll used in a steel mill there. 

“In hard-facing a pair of cogging mill rolls, one 
which is shown in the illustration (Fig. 4), the groove for 
the alloy deposit was designed as shown in Fig. 5. T! 
illustration shows the details of this groove and als 
the number of beads required. This number wi 
vary with the skill of the operators but the seven show! 
are probably the minimum. 

“Rolls were made from steel with 0.35 to 0.45 carb 


of copper pyrites, this part showed only °/3: in. of wear. and 1.0 to 1.5 nickel. They were preheated to 200° | 
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we Fig. 1 Fig. 2 al 


and hard-facing was carried out with '/,-in. diam. Fig. 6—The Deposit Was Laid Into the Groove (Fig. 5) from a 
(Type No. 2) coated rod, using approximately 200-amp. Semivertical Position 


direct current with the polarity reversed. The deposit 
was laid down in the groove by working the are from a 
semivertical position, since it was found that this 
position produced a smoother deposit and one that was 
more free from cracking. For hard-facing the flanges 
the roll was stood on end (Fig. 6). 

“The deposits were machined with tungsten carbide 
tools; rough machining was done at one revolution in 
80 sec., finishing at one revolution in 40 sec. The di 
of ameter of the rolls at the base of the flange was 36 in.”’ 
“When the last report was made available, these 
rolls had made four runs rolling a total of 147,000 tons. 
[hey are still in service and will last some time yet. 
[his record is contrasted to the life of standard alloy 

steel cogging rolls of approximately 90,000 tons.” 
Hot-trimming dies are used for trimming the flash 
from ring gears and many other forgings of both plain 


ill 


Deposits 1,2,3&4 in Deposits 5, 6,7 in 
this Position this Position 
as Fig. 5—The Groove for the Alloy Deposit Was Redesigned to 


Combat the Undercutting Found in the Roll (Fig. 4) 


have and alloy steel. Since most of the dies can be hard- 
2 un faced with an alloy of Type No. 2, this type has been 
most widely used. The die shown here, (Fig. 7) which 
2 is for hot-trimming a ring gear forging, was originally 
D. | made of a special steel. Its life averaged approximately 
Be 2000 pieces. Since an alloy of Type No. 2 has been 
little applied to a 3140 S.A.E. steel base, 43,000 pieces is not 
the unusual. 
over More recently an alloy of Type No. 5 has been used 


for hard-facing hot-work punches and dies, especially 
when the operation involves thermal shock. Type 5 
alloy can be machined, can be applied with the electric 
ire and requires no heat treatment. One punch on 
which this metal has been applied is used for piercing a 


some 1*/4-in. diam. hole, 4'/s-in. long, in nitralloy steel bush- 
TI ings. Due to the depth of the hole, the punch is water 
of cooled to prevent overheating. It is obvious that the 
factors to be considered in determining the hard-facing 
1e ol alloy to be used are heat, impact and thermal shock. 
e tor Because of these conditions an alloy of Type No. 5 
Tr} was chosen. After it was deposited by the electric arc, 
al the surface was machined to size in 15 min. This hard 
Ww faced punch (Fig. 8) produced between 3000 and 4000 
10W parts before it had to be resurfaced. Prior to hard- 
lacing, the punches used on this job could pierce only : 
rbo! 100 pieces before replacement became necessary. Fig. 7—Hot-Trimming Die Used for Trimming the Flash from 
I Figure 9 shows piercing punches used for punching Ring-Gear Forgings 
JARY 1944 HARD FACING 19 


— 
: 
; 

| 
4 
4 
2 
2 
2 
a 


9” 


Fig. 8—Detail of a Hard-Faced Punch Used to Pierce Alloy Steel 
Bushings 


75-mm. shells. Scrap punches were used and were 
machined undersize '/;, in. on the diameter and nose 
before hard-facing. 

A review of this operation showed that the punch had 
to withstand heat, impact, and thermal shock. The heat 
was excessive due to the depth of the hole being pierced 
and, since the punch was immersed in water after each 
piercing operation, thermal shock occurred. 

A review of the available hard-facing materials showed 
that there were just two that might withstand this 
thermal shock—alloys of Types No. 2 and No. 5. When 
these two were tested, No. 5 was found to be successful. 
A */s-in. rod was applied by the metallic arc process, 
and the deposit was machined to size with a high-speed 
steel tool. 

The hard-faced punch produced 2000 shells during 
the operating life of the hard-faced surface. During 
the run it was buffed every 500 shells to improve the 


Fig. 10—A Hard-Faced Punch and Die Used for Forging Bomb 
Booster Caps 
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piercing action. The previously used tool steel punch 
produced 450 shells during its useful operating life, and 
had to be buffed every 150 shells. 

Hard-facing has been reapplied to this part several 
times since the operation was first tried and the original 
punch body is still in use. 


Fig. 9—Punches Used for Piercing 75-Mm. Shells 
(Left) Hard-Faced (Right) Machined 


Fig. 11—The Life of This Lime Blower Impeller Used in 
Sugar Processing Was Increased Almost Tenfold by Careful 
Hard-Facing 
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Still another successful application of Type 5 alloy 
was on a forming and piercing punch and die for forging 
bomb booster caps. 

The alloy deposit (Fig. 10) is made only on those 
surfaces of the die and punch which are subject to the 
most extreme abrasion. The rough-deposited alloy 
surface is machined with a high-speed steel tool. 

After punching approximately 6000 caps, the punch 
ind die require a new deposit of alloy. When refacing 
is necessary, the hard-faced surface is machined off and 
a new deposit is applied with the electric arc. The cost 
of fabrication by this method is equal to or slightly 
less than that of completely new dies. The economy 


5/e-IN. BLADE 


Ve-IN. STRIP 
4-IN. STRIP 


2-IN. BACK-UP PLATE 


Fig. 12—-To Counteract Warpage, Each Blade of the Impeller 
(Fig. 11) Was Clamped as Indicated During Hard-Facing 


Fig. 13—The Lower Edges of the Blades Receive the Heaviest 
Wear in This Mixer for ‘‘Mulling’’ Foundry Sand 


of the operation is emphasized, however, by the fact 
that of the 2000 caps that can be punched with steel 
punches, the last 500 to 800 are marked due to the 
washing out of the die. With a hard-faced punch and 
die, all 6000 forgings are good, and the run is stopped 
before heat checks can cause any marking of the parts. 

Referring again to the chart (Table 1), we find that 
we have shown applications which illustrate how to 
overcome wear from abrasion, heat, impact and thermal 
shock. The next illustration shows a part which was 
subjected to wear from abrasion and corrosion, and it 
emphasizes also the necessity of analyzing the con- 
ditions of a hard-facing application before going ahead 
on a hard-facing job. 

Figure 11 shows a lime-blower impeller used in sugar 
processing. It was important that these blades, 16'/, 
in. wide, should be flat and that the blower should be 
well balanced when the hard-faced blades were as- 
sembled to the spider. 
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Fig. 14—-The Blades (Fig. 13) Were Successfully Hard-Faced by 
Using This Setup 


lo counteract warpage, each blade (Fig. 12) was 
clamped to a back-up plate with spacer bars inserted 
as shown, to give a reverse bend. When completed 
and the clamps removed, the blade sprang back to less 
than '/3. in. out-of-true. The blower, after assembly, 
was less than one ounce out of perfect balance, and this 
was adjusted when hard-facing rod was applied to 
protect the rivet heads from wear. Type No. | rod was 
used here to combat the severe abrasion and the moderate 
corrosion. Hard-facing kept this blower in service 316 
days as against 34 days, which was the average life of a 
blade before hard-facing was adopted 

Where a part is not subjected to erosion, corrosion 
or heat, and does not need to be extremely smooth or 
take a high polish, greatest wear resistance can be ob- 
tained with hard-facing alloys of Type No. 4, which 
consist of grains of tungsten carbide applied in a matrix 
of steel. Figure 13 shows a commonly used type of 
mixer for ‘“‘mulling’’ sand in foundries. This consists 
of two large rollers and two plows or blades which rotate 
with the rolls, mixing the sand and guiding it under the 
rollers. 

A layer of Type No. 4 rod about */,» in. in thickness 
was applied to the lower edge of the blades where the 
wear was heaviest; the front of the blades, which re- 
ceived somewhat less wear, was protected with a coating 
of Type No. | hard-facing alloy */, in. in width (Fig. 14). 

The life of these blades was thus increased from about 
3 to about 12 days. They were hard-faced this way 
again and again. The horsepower required to run the 
machine was reduced by about one-third because the 
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Fig. 15—-A Comminutor (Large Rotary Pump and Cutter Device) 
for Treating Sewage 
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Fig. 16--A Close-Up of Two of the Teeth in the Comminutor 
Shown in Fig. 15 


plows stayed sharp and cut through the sand more easily. 
This example shows that we are not limited to one ma- 
terial on a part. If the wearing conditions vary on 
different surfaces, there is no reason why they cannot 
be hard-faced according to the needs evidenced by an 
analysis of the job. 


Hard-Facing for Resistance to Corrosion 


Since corrosion varies from mild to severe according 
to the chemical or its concentration, selection of the 
hard-facing alloy to combat a specific corrosive condition 
can best be made by references to tables of corrosive 
action on metals which your hard-facing material sup- 
plier can furnish you. Most of the alloy hard-facing 
materials are good for resisting average corrosion, but 


Fig. 17—-Hard-Faced Aircraft Valve Which Ran 3819 Hr., 
Equal to 680,000 Air Miles 
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there are some special conditions which some of them 
cannot resist, and in case of question the tables of cor- 
rosive action should be the guide. 

Figure 15 shows a communutor, a large rotary pum; 
and cutter device for treating sewage. In its operation 
the sludge passing through the openings is cut int 
small pieces to facilitate the chemical action whic! 
follows in the treating process. Wood, cloth, vegetabl 
matter, rubber and even metal pieces sometimes ar 
encountered, and the teeth and combs must be of suffi 
cient hardness to resist the wear from these materials 
The combs for this machine are hard-faced with Typ 
No. 1 haré@facing rod and ground to size. The excellent 
service results, in comparison with steel combs formerly 
used, have caused the manufacturer to standardize or 
hard-faced combs for the machines which he builds. 

This is a close-up of two of the teeth in the com 
minutor. These parts (Fig. 16) pass through the combs 
and cause the cutting action. Instead of being hard 
faced, these teeth are made up by the supplier of hard 


Fig. 18—This Hard-Faced Valve Is Shown After Operating 
714,000 Air Miles 


facing materials as special small castings. Improved 
foundry and finishing methods make it possible t 
precision cast these teeth to close tolerances. This 
example is typical of how manufacturers are progressing 
from hard-facing of single parts to the production hard 
facing of many identical pieces and the use of wear 
resistant hard-facing alloy parts, precision cast t 
accurate dimensions and installed as a part of the new 
machine. 

Another example involving much more severe cor 
rosion as well as abrasion, heat and impact is the current 
use of hard-facing on aircraft valves. The val\ 
shown in Fig. 17 ran 3819 hours—the equivalent 
680,000 air miles. 

The valve shown in Fig. 18 operated for 714,000 miles. 
Valve life running into these figures was unknown befor: 
hard-facing was introduced. Practically every airpla: 
motor and a great many other types of motors in u 
today are fitted with hard-faced valves. The conditions 
met are wear, heat, corrosion and impact; Type No 
alloy is perfectly suited for this application. 

Speeding-up of the hard-facing application is receivin; 
much attention in these days. One plant adapted 
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Fig. 21 
Fig. 19 


Fig. 21 
Fig. 22 


Fig. 22 
This Portable Oxyacetylene-Cutting Machine Was Successfully Adapted to Mechanize the Hard- 


Facing Operation 
Fig. 20—The Smoothness of the Deposit Made with the Machine (Fig. 19) Is Readily Seen 


Per Hour, at 750 Deg. F. and 400 psi. 


portable oxyacetylene cutting machine to mechanize and 
speed up the application of the hard-facing metal to 
knives for ensilage cutters (Fig. 19). The blowpipe 
travels along the blade, which is held in a jig, and the 
operator feeds the hard-facing rod into the flame by 
hand. A foot switch stops and starts the machine. 

The smoothness of the Type No. 1 alloy deposit can 
readily be seen in (Fig. 20), which shows the deposit made 
by the semiautomatic setup, before grinding. Hard-faced 
blades last six weeks without sharpening whereas carbon 
steel knives need sharpening every eight hours. 


Hard-Facing for Resistance to Erosion 
An analysis of the service conditions of valves for 
steam plant service gives these requirements for hard- 
lacing material: 


1944 HARD 


It must: 
l. Be hard 
even at red heat. 
lake a high polish and have 
friction. 
3. Resist scoring, galling, seizing 
1. Remain free from corrosion 


> 


Alloy of Type No. 2 Successfully Protected the Seat and Disk of This Globe Valve 
This Hard-Faced Parabolic Disk and Seat on a Flow-Control Valve Handles 350,000 Lb. of Steam 


and also abrasion and erosion resistant 


a low coefficient of 


ind wire drawing 


ind pitting 


Experience has shown that Type No. 2 alloy 1s ideal 
for this service and a couple of ex ples will show the 
outstanding service life which this application gives 

The seat and disk of this 5-in. 90O-lb. globe valve 

Fig. 21) were hard-faced with alloy [Type No. 2 
[his valve and others in one station operating at 650 
psi steam pressure and 850” F. have give e full vears 

23,570 hours—of service without any repairs being 


necessary. 
A parabolic disk and seat on a 


FACING 


flow control 
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Fig. 23—A Rotating Unit or Jig Saves Time in Hard- Satie 
Valve Parts 


valve (Fig. 22) were hard-faced with Type No. 2 alloy. 
The maker of this valve applied this particular alloy 
since he knew that this was a satisfactory way of assuring 
long life in a service which involved the handling of 
350,000 Ib. of steam per hour at a temperature of 750° 
F. and a pressure of 400 psi. 

Large production requirements have made it desirable 
to mechanize some phases of the application. This 


(Fig. 23) shows a rotating unit or jig on which the valve 
part is placed after being taken from the preheating 
furnace. 


The use of the rotating unit speeds up the application, 
and machining the surface of the valve instead of grinding 
makes further savings in time. A tungsten carbide tool 
is used in this machining operation (Fig. 24) at a sur- 
face speed of 25 to 40 surface feet per minute. & 

Manufacturing of uniform hard-faced parts in large 
quantities has brought about the need of reducing the 
cost of the hard-surfacing operation. Figure 25 shows 
a single-spindle automatic hard-facing machine for 
applying hard-facing metal to the surface of high- 
temperature high-pressure steam gate valve seats. The 
machine can accommodate parts with diameters from 6 
to 24in. It produces a deposit 1'/, in. wide, '/s in. thick, 


Fiq. 24—Machining of the Valve-Seating Surface (Fig. 23) Is 
Faster Than Grinding 
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at the rate of 1 in. per minute per inch of diameter 
that is, a 6-in. ring every 6 min. or an 18-in. ring every 
18 min. Two preheating blowpipes make special pre 
heating furnaces unnecessary. Type No. 2 hard- 
facing rod is fed automatically. The only manual 
operation is the loading and unloading of the rings. The 
smooth-surfaced deposit is free from any defect. The use 
of this machine has resulted in savings of 30% in meta 
deposited and 20% in machining time for finishing the 
surfaces. 

Other automatic hard-facing machines are being 
developed where production is high enough to warrant 
their application. Not only do they effect savings in 
material and time but they eliminate the fatigue factor 
for the operator and produce uniform high-quality 
parts. 


Fig. 25—Costs for Hard-Facing Gate Valve Seats in Large 
Quantities Are Reduced by Using This Single-Spindle Auto 
matic Hard-Facing Machine 


Two Recommendations for Future Action 


These examples and the table will show the need 
for two general campaigns which should be followed 
in our war against wear: 

First, analyze the hard-facing problem. Select the 
correct hard-facing alloy to combat the severity and 
nature of the service conditions. Prepare the part 
properly. Allow for shrinkage, distortion, expansion 
and similar factors. Use the best welding procedure 
Machine or grind to meet service requirements. 

Second, give a thought to future hard-facing. Review 
your shop operations, machines, equipment, implements 
tools—even scrap pile—to be sure that you are salvaging 
every useful part that can be restored by hard- facing. 
Consider the possibility of stand: ardizing on hard-face« 
parts in your product where wear is most severe. Look, 
also, to the possibility of using jigs or furnaces to speed 
up the application. See whether there are some parts 
of your equipment which might last longer if made from 
a casting of hard-facing alloy. 

These tactics and strategy will help win your “war 
on wear.’ Knowing how to carry out each move 0 
procedure in the battle, what weapons or hard-facing 
materials to employ is the mark of a skilled industrial 
commander. 
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«i Carbon Arc Welding of Naval Brass 
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le use 
meta! 
g the B t 
y K. L. Walker 
being 
gs in USION, or autogenous, welding is produced by 
actor either the carbon arc or metallic electrode methods. oe es. 
tality Electric welding using carbon arc is the older of 
the two welding processes and was originated by Ben- ' 
ardos over 55 years ago. With this process, as the name i | 
implies, graphite carbon electrodes are used; these 
are of various sizes and tapered to a point to focus the x b 
heat and prevent the arc from wandering. The length ‘ y Sem 
f taper of the electrode is 4 to 5 times the diameter of 4 
the carbon, which in turn varies in thickness according 
to the class of work being done. The carbon is mounted ° 4 
in a suitable holder, as close to the taper as the work 3 
will allow and an are of medium length, '/, to */s in., ‘ ; 
is held using straight polarity or electrode negative, the a 
positive being attached to the work. It is important a 
to observe that this polarity is established correctly, Ay 
for besides being difficult to maintain a stable arc, {3 
should reversed polarity be used, molecules of carbon tee ‘a 
* Presented at the Annual Meeting, A.W.S., Chicago, IIl., Oct. 18 to 21, 1943, 4 4 
Foster Wheeler Corp., Carteret, J. 4 
“Bek 
~ 
rge 
uto Fig. 3—Outside Girth Seam Weld; Oxweld 25M Filler Rod 
would be conveyed from the electrode to the work. 
The carbon would be absorbed in the newly deposited 
ane ( . metal, producing a porous weld in non-ferrous material, 
— and rendering steel brittle and drfficult to machine. 
. Fig. 1—Diagrammatic Sketch of Longitudinal Seam Setup The application of carbon are welding has proved 
sar successful with large numbers of low-pressure vessels 
a8 which previously were fabricated by metallic arc and 
sy oxyacetylene welding. The material used in these 
i. vessels is a brass alloy which is known in the trade as 
_— Naval Brass and has nominal composition limits of cop- 
_ per og 63‘ O» lead 0.20, tin 0.50—1.50°7, iron 0.06 and the 
ate remainder ZiNC. This material, being a hot-rolling alloy, 
idine is received in the desired thickness of »- and s-1n 
i sheets. Upon receipt at the shop, the edges are planed 
lly to a 45° bevel and '/,-in. lip. After this machining, 
og the sheets are annealed in the flat in a car-type furnace 
ae at a temperature of 1050" F., using butane gas as a ; 
—- fuel, the furnace temperature being automatically i 
controlled. 
af Following the annealing operation the flat sheet is 
— formed into a cylinder and is placed on a jig as shown 
Seg ' ied 4 in Fig. 1 for welding the lone ritud dinal seam. During 
ie | all welding procedure a minimum preheat of 300 . 
strial Fig. 2Face and Root-Bend Specimens of Silicon Bronze and F., is maintained in order to equalize welding poor pom " 
Oxweld 25M Filler Rods on Naval Brass induced by the rapid quenching of the weld metal and to ef: 
ARY 


obviate season cracking. The filler rod used for all 
downhand seam welding is known in the trade as Ox- 
weld 25M and is of the following approximate composi- 
tion: copper 66.08%, tin 0.75, silicon 0.07, manganese 
0.01, iron 0.95 and the remainder zine. This is a 
fluid-flowing rod and is characterized by good physicals, 
high welding speed and freedom from porosity. Car 
bon arc welds on Naval Brass have given tensile values 
of from 50,000 to 56,000 p.s.1. Face and root bend 
specimens of 25M for seam welding and silicon bronze for 
fillet welding are shown in Fig. 2. 

The first pass in the groove is made with a */j.-in. 
filler rod and a */s-in. carbon using approximately 300 
amp. and 25-28 v. Powdered flux is sprinkled ahead of 
the weld and each layer of weld metal is thoroughly 
cleaned before the following layer. The number of 


4 


Fig. 5 


Fig. 7—-Strongback to End Flange Joint, Before and After Welding 


craters should be kept to a minimum and it is advisable 
to start succeeding rods about an inch back from the 
last crater. The second finishing pass is made with 

'/,in. rod and '/»s-in. carbon using 400-450 amp. an 
28-30 v., Fig. 3. The use of proper jigs, and the co 
centrated heat of the carbon arc, in preventing larg 
areas of parent metal from reaching elevated tempera 
tures, with the attendant higher welding speeds, hav: 
practically eliminated distortion. It is customary t 
weld all seams without any subsequent rerounding 
operations. 

A hot-spun dished head, */,; mm. in thickness, is weld: 
to one end of the shell, and an integral hub, butt-weld 
ing type flange, is welded to the other end. The e1 
flange is fabricated by rolling a 2 x 3-in. bar stock ai 
welding the double-vee butt weld by oxyacetylene fol 
lowed by the machining of the flange. Head and e 
flange girth seams are assembled and tacked rigidl) 
and backed up by a jig of steel bar stock which mat 
tains correct fit-up and acts as a chill ring. All sear 
are grooved and welded inside with one pass of '/4-in. rod 
as in Fig. 4. All groove welding is done in a flat posi 
tion made possible by the use of power rollers. 

A strongback for the end flange is fabricated by fillet 


Fig. 6 


Figs. 5 and 6—-Flange Strongbacks, 1 x 6-In. Tapered Bar to a 1'/, x 4-In. Bar 
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a Fig. 4—Inside Girth Seam Weld 
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clock. The work is then moved 90° to place the op- 
posite side in position and the layer completed in like 
manner. This causes the welder to work always slightly 
vertical, giving good penetration and allowing him to 
flow each side of the fillet into a proper 45 with a flat 
weld contour. Figure 9 shows the welding of a pad to 
the dished head and Fig. 10 that of the weld on one of 
the nozzle pads to the shell. The first bead is made 
with a °/3-in. rod and a °/j,»-in. carbon using approxi- 
mately 200-250 amp. and 23-25 v. The second layer ts 
made with a */,»-in. rod and a */s-in. carbon, using 275 
300 amp. and 25-28 v.; it is deposited with a weaving 
motion. To prevent distortion on the shell, nozzles are 
jacked out with radius pads and the preheat of 300 
is maintained. Figure 11 shows a pad weld on one of the 
dished heads. Figure 12 is the corner weld on the inside 


elding 


sable 


1 the i 
ith i Fig. 8 


a Fig. 8—Strongback to End Flange Joint, Before and After 
Welding 
“en welding a 1- x 6-in. bar toa I 2 X 4-1. bar with a °/s -in. 
6 fillet as shown 1n Figs. 5 and 6. : rhis is in turn welded 
din into the end flange with a 1'/,-in. deep bevel as shown : 
: by Fig. 7, welding with multiple passes with the shell “4 
lds positioned in a jig so that the welding is completed 
weld downhand. The completed joint, Fig. 8, shows the 
technique of using string beads on these heavier sections. 
Su Che-end flanges are completely faced and drilled after the 
1 completion of these joints. x 
i All fillet welds are made with a silicon bronze rod of 
gidl) A.W.S. Group 8W. This type rod is not so fluid under oe at, 
the are and can be handled readily on all types of fillet 
welding giving an excellent finish appearance. Fillet 
sizes are °/s and 1n. lhe fillet welds on the nozzle 
hile pads to the shell are positioned at approximately 45 Fig. 10- Pad Weld to Shell 
ind welded from the 3 and 9 o’clock positions to 12 0 


Fig. 9—-Carbon-Arc Welding of Nozzle Pad to Dished Head on 
Positioner Fig. 11—-Pad Weld to Dished Head 
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; Fig. 13—Cross Section of Pad Weld to Shell: Note Fusion and 
Lack of Undercutting 
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Fig. 12—Inside Corner Weld of Nozzle Pad 


Fig. 15 


Fig. 14—-Carbon-Arc Welded Internal Angles and Clips 


of a pad and Fig. 13 the cross section of a completed 
nozzle pad which gives an idea of the results obtainable 
All nozzle pads are completely machined before welding 
to the shell and blind flanges of steel are bolted on t 
prevent distortion of the face. 

Figure 14 shows a view of internal clips and angles 
welded to the shell. Preheat is again emphasized her 
for any local tack welds. Steel stiffener rings and 
saddles are fillet welded to the shell as shown in Fig. 1i 
and 16. Companion shells for these units are fabricated 
in the same manner and Fig. 17 shows a typical weld 
on the slip-on end flange and Fig. 18 that of the nozzle 


{ 


Fig. 16 


Figs. 15 and 16—-Steel Stiffener Angles Welded to Shell 
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fabrication on these shells. Ample use is made of 
power rolls and positioners to place the welds in the best 
possible position. Finished vessels are stress relieved 
at 550° F. The complete absence of weld splatter elim- 
inates all cleaning problems. 

Proper ventilation should be provided with some means 
of exhausting the smoke and fumes from the weld to pro- 
vide good vision and to protect the operator's health. 
[he training time for apprentice welders has been compar- 
able to other processes with women also being trained 
and qualified for this work. 


Fig. 17—-External Fillet Weld on Slip-on End Flange 


Current Welding Literature 


(Continued from page 15) 


Electric Arc Welding, E. S. Waddington. Soc. Engrs.—J. & 
rans., vol. 34, no. 1 (Jan.—June 1943), pp. 29-48 

Electric Busbars, Wrought Iron. Bus Construction of Welded 
W.I. Pipe, J. A. Gerber. Elec. World, vol. 120, no. 12 (Sept. 18, 
1943 ,pp 
Electric Cable, Joints Low Tin Solders for Cable Joints, 
F. QO. Wollaston. Elec. Light & Power, vol. 21, no. 9 (Sept. 1943), 

Electric Welding, Arc. Complicated Assemblies, L. T. Kennedy 
ind E, Wenzel Steel, vol 113, no. 16 (Oct. 18, 1943 » pp 92, 124 

Electric Welding Machines. Resistance-Welding Controls, H. L. 
Palmer. Gen Elec. Rev., vol. 46, no. 9 (Sept. 1943), pp. 507-510. 

Electric Welding, Resistance, Refrigerated Tips. Super-Cooled 
Spot Welding Electrodes, C. C. Titherington. Tron Age, vol. 152, 
no. 16 (Oct. 14, 1943 , pp. 94-98 

Electronics. Theory and Design of Electronic-Control Appara 
t W. D. Cockrell. Am. Soc. Mech. Engrs Advance Paper 


Nov. 29—Dec. 3, 1943, 10 pp 


for meeting 


Fat Maintenance and Repait Repairing Induced Fan Blades 
y Arc-Welding, L. L. Bradley. Industry & Power, vol. 44, no. 10 
Oct. 1943), pp. 71-72 

Guns, Manufacture Stamping Presses, Resistance Welders, 
Brazing Furnace Make ‘‘Forged” Gun Parts from Steel Strip, G. W 
Birdsall. Steel, vol. 113, no. 15 (Oct. 11, 1943), pp. 194-196, 
%S-SU0, 212-214, 216, 219-220, 222, 225-226 


Health Aspects of Welding, A. G. Cranch. Can. Metals & Met 
idustries, vol. 6, no. 10 (Oct. 1943), pp. 35-37, 44 

Iron Castings. Cast Iron Rod Comes Back, A. Havens. Am 
Mach., vol. 87, no. 21 (Oct. 14, 1943), pp. 108-110 

Jig and Fixtures for Arc Welded Mass Production, *Y. J. 
Hrooking. Steel, vol. 113, nos. 17, 18, 19 (Oct. 25, 1943); py. 80 
82, 84 (Nov. 1); pp. 102, 104, 1389 (Nov. 8); pp. 119-20, 122 
ls, Conservation. Wartime Salvage Welding, H. Thom- 
on. Miner, vol. 16, no. 9 (Sept. 1943), pp. 36-40 
_ Metals Fatigue, Testing. Endurance of Machines Under Few 
Heavy Loads, J.O. Almen. Metal Progress, vol. 44, no. 3 (Sept. 
443), pp. 435-440, 


Fig. 18—Nozzle Fabrication 


All welds on these units have been free from trouble 
in service and it can safely be stated that the applica- 
tion of carbon are welding, with proper procedure and 
control, has proved itself a very acceptable method of 
fabricating Naval Brass vessels from the viewpoints of 
quality, time, cost and appearance. 


Metals 
Engr., vol. 28, nos. 9, 10 (Sept. 1943 
54, 56, 58, 60 

Metals. Hard-Surfacing Procedures Help to Stretch Equipment 
for War. Industry & Power, vol. 44, no. 10 (Oct. 1943), pp. 66-67, 94 

Metals. Hard Surfacing Prolongs Life Rock Products, vol 
46, no. 10 (Oct. 1943), pp. 58-59 

Metals, Sealing. Silver as Bonding Material. Mech. World, 
vol. 114, no. 2961 (Oct. 1, 1943), pp. 393-394 

Motor Bus Axle Homogenized. Bus Transportation, vol 
no. 10 (Oct. 1943 , pp 54-55 

Oil Well Pumping, Equipment. Life of Walking Beam Rocker 
Extended by Hard-Facing Technique, E. Sterrett Oil Weekly 
vol. 111, no. 10 (Nov. 8, 1943), pp. 78-80 
Canadian Armament Redesigns Conserve Critical 
Materials and Increase Production, J. Montagne Product Eng 
vol. 14, no. 6 (June 1943), pp. 32 

Oxyacetylene Cutting 
Oxy-Acetylene Tips, vol 


Hard-Facing Applications and Technique Welding 
, pp. 31-33; (Oct. 1943), pr 


Ordnance 
Fundamentals of Oxy-Acetylene Cutting 
22, no. 4 (Oct. 1943), pp. 117-12 


Oxvacetylene Welding Wartinie Plant Maintenance Oxy 
Acetylene Tips, vol. 22, no. 4 (Oct. 1943), pp. 1 

Oxy-Gas Cutting Carving Steel with Oxygen, F. Waldo. 
N. Y. Univ. Quadrangle, vol. 14, no. 1, (Sept. 1943), pp. 16-18 

Oxy-Gas Cutting Flame Cutting Applications Greatly | 
panded by Improvised Setups, F. Wald teel, vol. 113, no. lf 


(Oct. 18, 1943), pp. 82-83, 121-123 
Penstocks Welded on High Dam, G. L. Yetter. Western C: 


truction News, vol. 18, no. 7(July 194 py 4 18 

Power Plant Equipment. Welding Uses P o Save 1 
R. C. Fitzgerald. Power, vol. 87, no. 11 (No ) pp. 74 j 
78la-782a 

Preheating of Carbon Steel Necessary for Good Welds. Ws 
Metais, vol. 1, no. 7 (July 1943), p. 27 

Research, Welding Oscillographic Measurement in Spot 
Welding Research, R. A. Wyant Instruments, vol. 16, no 
(Aug. 1943), pp. 478-479, 510-511. 

Research Welding Research in U.S.A Brit. Motor Shiy 
vol. 24, no. 285 ‘Oct. 1943), pp. 201-225 

Sheet Metal Working Pressing at Welding Elec. Ke 
vol. 133, no. 3424 (July 9, 1943), pp. 35-39 


(Continued on page 45 


1944 CARBON ARC WELDING OF NAVAL BRASS 2 


a fa | 

> 

eted 

dins 

g 

he 
and 

ited 

veld ; 

VAAL 

| 


War Emergency Codes for 
Untired Pressure Vessels 


By E. R. Fish! 


5S FREQUENT reference will be made to the 
A.S.M.&. Boiler Code Committee and for the 
information of those who may not be familiar 

with its procedure a brief explanation may be of service. 
The Boiler Code Committee was set up by the American 
Society of Mechanical Engineers in 1911 but it was not 
until 1914 that the first Code was finally agreed on and 
published. This covered only boilers carrying a pressure 
of over 15-psi. gage. It rapidly became a generally 
accepted standard for the construction of boilers. 

The Unfired Pressure Vessel Code was not issued until 
1925 and has also been generally accepted and, to a 
lesser extent than the Boiler Code, been adopted as a 
legal standard. 

Because of apparent lack of clarity in some of the 
wording considerable difficulty was encountered in 
interpreting the Code so that it became necessary for 
the Code Committee te meet rather frequently to answer 
such inquiries. These answers were issued as Inter- 
pretation Cases for geteral distribution so that all in- 
terested persons would have the same information. 

Furthermore, developments of new materials, and 
progress in the art of designing and building boilers and 
pressure vessels generally continued to advance. In 
order that the Code might not become obsolete it was 
necessary for the Code Committee to take cognizance 
of these advances and to make corresponding changes 
in the Code provisions. Many cases were issued to take 
care of these problems, practically all of which have 
been embodied in later issues of the Code. 

As the petroleum refining industry requires many 
pressure vessels that are subject to peculiar conditions, 
the American Petroleum Institute desired to have a Code 
that was better adapted to its special problems than the 
A.5.M.E. Code on Unfired Pressure Vessels. In order 
that there might not be conflicting discrepancies be- 
tween two such Codes a Joint Committee of A.P.I. and 
A.S.M.E. members was appointed. This Committee 
prepared what is known as the A.P.I.-A.S.M.E. Unfired 
Pressure Vessel Code, which is quite similar to the 
A.5S.M.E. Code. 

This A.P.I. Code has been changed from time to time 
to parallel the changes that are made in the A.S.M.E. 
Code so that generally speaking the two are quite 
similar. 

Work is now going along on a revision of the A.S.M.E. 
Code which it anticipates will be so arranged as to be 
acceptable to the petroleum industry and thus do away 
with two Codes that have, it must be confessed, been 
the source of some inconveniences. 

[t will be well also to explain the classification of 
unfired pressure vessels. Of these the A.S.M.E. Code 
sets up three different classes identified by the Code 


* Presented at the Annual Meeting, A.W.S., Chicago 
+ Engineering Consultant, Boiler Div., 
tion and Insurance Co 


Ill., Oct. 18 to 21, 1943 
The Hartford Steam Boiler Inspec 


paragraph numbers under which they may be con- 


structed. 

Par. U-68 requirements are substantially the equiva 
lent of boiler drums. 

Par. U-69 requirements are not as stringent as Par 
U-68 with respect to the test and examination of welded 
joints and is also limited to use for vessels of 1'/2 i 
plate thickness and to carry 600 Ib. 


Par. U-70 has still less stringent requirements. U-70 


vessels may be used only in restricted service and in rela 
tively thin plate. 

However, in the new revision above referred to and 
following the A.P.I.-A.S.M.E. Code, these classes will 
be entirely eliminated and differences in the constructior 
and the examination methods will be provided for by 
means of preferential stress allowances for the more car« 
fully constructed vessels. 

It is anticipated that this Revised Code will eliminat: 
many of the objections to the present Code. 


Emergency Requirements 


Relaxation in construction requirements should be 
made only when it is generally agreed that reasonable, 
if not absolute, safety is not sacrificed. It is recognized 
that failures of pressure vessels in a plant producing 
essential war materials may cause damage and delays 
far in excess of the value of any material that may hav: 
been saved in the attempt to conserve materials. 

Because of the firmly rooted ideas that have prevailed 
from the time when materials and workmanship wer 
far inferior to present-day practices, it is difficult to rid 
oneself of those prejudices and feel assured that lighter 
construction may be essentially as safe as it would 
have been under the older and heretofore accepted stand 
ards. 

Every one, of course, is familiar with the efforts that 
the War Production Board has made to effect savings 
in critical materials of all kinds, the low carbon and low 
alloy steels adapted to welded construction being th« 
ones in which we are particularly interested. 

More than a year ago the WPB made a direct a! 
vigorous appeal to the A.S.M.E. Boiler Code Committe: 
to afford some relief respecting the design of boilers and 
pressure vessels. Indeed, the plea was so urgent th 
the Boiler Code Committee departed from some of its 
usual procedures to work out a change that would hel; 
the condition. By cutting some of the usual red tape, 
special case, No. 968 to which further reference will b« 
made, was promulgated in June 1942 and slightly revised 
the following September, which reduced the require 
thickness of boiler parts by about 20%, which is a real 
contribution to the conservation of materials. Howeve! 
certain restrictions were set up that had to be observ: 
if advantage was taken of the case. 
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The War Production Board in its Limitation Order 

299 says, ‘““No person shall produce, fabricate, or 
deliver any power boiler except as permitted by para 

raph (d) hereof, having a greater metal thickness or 

rantity of steel than needed to meet the minimum 
thickness requirements of Section 1 (the Power Boiler 
Code) of the American Society of Mechanical Engineers, 
Bones Construction Code, Addenda thereto and inter- 
,retations thereof including Case No. 968. 

“No person shall accept delivery of any power boiler 
which he knows or has reason to believe was produced, 
fabricated, or delivered in violation of the provisions of 
this order.” 

The item (d) heretofore referred to cites certain ex- 
eptions that are not pertinent to this discussion. 

When the easement of Code requirements affecting 
boilers was made, it was because that was the para 
mount issue with the War Production Board just at that 
time and was prompted by the contemplated tremendous 
power requirements for the synthetic rubber program 
then in process of development. 

\s soon as the boiler matter was acted on, the ques- 
tion was raised respecting a similar provision for unfired 
pressure vessels of which there would also be required 
1 great number of many kinds for a great variety of 
purposes. 

Of its own volition, the Boiler Code Committee pro- 
ceded to make a companion provision for unfired pres- 
sure vessels that resulted in the adoption of Case 979 in 
July 1942, which is similar to Case 968 in all essential 
details. This Case was somewhat modified in Septem- 
ber 1942 at the same time that the changes aforemen- 
tioned were made in Case 968. 

In what is essentially a construction code, the War 
Production Board in its circular ‘“‘War-Time Standards 
for Design and Construction of Commercial Cylindrical 
Shell and Bare Tube Tubular Heat Exchangers’’ issued 
November 15, 1942, set up a standard to “expedite 
production and to conserve critical materials.’’ It 
further states that ‘‘the standards set forth are generally 
consistent with the safety requirements of the A.P.I.- 
A.S.M.E. and A.S.M.E. Codes.” 

Also tube gages may be modified where working pres- 
sure would require heavier gage tubes when calculated 
by the A.S.M.E. formulas. 

While these standards are intended for application 
particularly to heat exchangers it is indicated that 
pressure vessels for whatever use might be constructed 
in accordance therewith. 


Materials 


In order to meet existing conditions, the American 
Society for Testing Materials has made numerous changes 
in many of its specifications, designating these changes 
by the letters ‘““EA”’ prefixed to the usual “‘A”’ or “B”’ 
designations, signifying “‘Emergency Alternate.’ Since 
all of the A.S.M.E. Code Specifications are identical with 
or based on A.S.T.M. Specifications, the Code Com- 
mittee has promptly taken action to authorize the use 
of these emergency specific: ations, of which there are 
now 16, in the construction of the Code pressure vessels. 
These specifications cover a considerable variety of 
materials including carbon and carbon alloy castings for 
various purposes including welding, seamless and welded 
boiler tubes of low carbon steel as well as alloy steel, 
alloy nuts and bolts, chrome and chrome nickel steel 
pl. ites for welded pressure vessels, copper, copper alloy 
condenser tubes and brass c: stings. While many 


authorized to permit the application of the Code Symbol 
Case 981 provides such authorizatio1 

Ordinarily these new and revised A.S.T.M. specifica 
tions would ultimately be adopted by the Code Com 
mittee but in view of the immediate need the above 
action was taken with more than usual promptness 

The U. S. Navy Department Bureau of Ships tssued 
a plate interim specification 4855, of which Grade M 1s 
welding quality, for use in the construction of pressure 
This specification provides for the rolling of 
plate on strip mills which makes the identification of 
separate plates difficult under war manutacturing con- 
ditions 


vess¢ ls. 


The specification was the subiect of a meeting of a 
Speci al Committee of the Boiler Code (¢ omenitter and 
the Plate Committee of the American Iron and Steel 


Institute at which time the matter was discussed at 
length. The Subcommittee's report to the Code Com- 
mittee contains the sentence, it would be difficult to 


show that this material is appreciably inferior to Spect- 
fication S-1 flange quality. It has been amply demon 
strated that this material welds satisfactorily 

The chemical characteristics of this specification are 
slightly different from those of the usual specifications 
but since a very large tonnage of iterial was being 
made it would be highly advantageous to utilize this 
steel for pressure vessels, and thus avoid the complica 
tions at the mill that arise when changes in specifications 
are made. 

In reply to an inquiry respecting the use of this ma- 
terial the Code Committee ruled by Cases 959 and 978, 
that for the duration of the war emergency and until 
these cases are annulled, the plate and the use thereof 
referred to in the inquiry are acceptabl 
under Paragraphs U-69 and U-70 with some special 
protective provisions, particularly covering identification 
stamping. 

Under this specification speed of rolling plates is 
greatly increased over the usual rolling procedure and 
since the quality of the material to start with is prac 


xr Code vesse Is 


tically the same as if it were used for rolling sheared 


plates, there is no sacrifice of safety. 


Special Materials 


If in order to meet some unusual condition, many of 
which are constantly coming up in the course of wartime 
manufacturing developments, it 1s desired to make use 
of a special material which is not provided for in the 
Code and the use of which involves the need for observ 
ing special precautions, action by the Code Committee 
is necessary. 

For instance, it was recently asked if it is permissible 
to construct vessels in accordance with Paragraph U-68 
using high tensile manganese molybdenum steel con- 
forming to A.S.T.M. Specification A204-38 with some 
modification [his material had a tensile strength of 
from 90,000 to 105,000 psi. and a yield point of 55,000 
psi., the maximum carbon being 0.22‘ 

After being referred to and re 1 on by a Sub 
committee, the Code Committee's action in Case 941 was 
to the effect that it is permissible to use this material 
with certain restrictions. Other cases authorizing the 
use of special materials are Case 897 for Chromium 
Nickel Steel, Case No. 905, Copper Chromium Nickel 
Steel, and Case 989 Chromium Steel, all with appropriate 
restrictions. 

As additional illustrations of the way in which the 
Boiler Code Committee is modifying Code provisions 


of these changes are not very great it is necessary tohave in order to meet the war situation, the actions in several 
official recognition of them so that inspectors will be other cases may be cited. 
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The inquiry in Case No. 985 reads: “In view of the 
difficulty in securing forged or cast butt welding and 
slip-on flanges and nozzles, will it be permissible to use 
flanges on necks fabricated by welding, in the construc- 
tion of boilers, piping, and unfired pressure vessels?”’ 

The beginning of the reply is, “‘It is the opinion of the 
Committee that it is permissible to build up flanges or 
necks by fusion welding for use in the construction of 
boilers, piping and unfired pressure vessels provided,”’ 
then follow several requirements that must be observed. 

Case 983, the inquiry of which reads, ‘‘In view of the 
restrictions affecting the availability of the usual grades 
of bolting material will the following additions and ex- 
tensions of Tables P-7 and U-2 meet the intent of the 
Code? 


‘1. Heat-treated carbon steel bolting material. 
‘2. Manganese steel bolting material. 
3. Bolting steel to suitable National 
Specifications. 
‘4. Increase of temperature limits on Type B-7 of 
A.S.T.M. Specification A193—40T to 1000° F.” 


The reply to this inquiry reads: 

“Certain of the steels listed are new and complete 
data as to the high temperature strengths are not avail- 
able, making it necessary for the Committee to exercise 
judgment in establishing the acceptability of these sub- 
stitutes. It is the opinion of the Committee that the 
following additions and extensions of Tables P-7 and 
U-2 are conservative, based on the advice of the Sub- 
committee on Ferrous Materials and other competent 
metallurgical experts and may be accepted as meeting 
the intent of the Code.”’ 

Then follows the specific listing of the several specifica- 
tions together with the allowable working stresses at 
various temperatures. 

The inquiry in Case No. 990 says, ‘There is no 
specification in the Code covering iron and steel gas 
welding rods. Since A.S.T.M. Specification A251-42T 
for iron and steel gas welding rods has been released, 
may rods complying with that specification be used in the 
construction of Code vessels? 

Specification S-63 for iron and steel arc-welding elec- 
trodes is identical with A.S.T.M. Specification A233- 
40T. However, that specification has been revised and 
is now designated as A233-42T. May electrodes con- 
forming to these latest A.S.T.M. Specifications be ac- 
cepted for use in Code Construction:’ 

The reply reads, ‘‘It is the opinion of the Committee 
that gas welding rods complying with A.S.T.M. Specifica- 
tion A251-41T and arc-welding electrodes complying 
with A.S.T.M. Specification A233-42T will be accept- 
able for use in Code construction.”’ 

Code requirements make it necessary for each plate 
used in Code vessels to bear an identifying stamp. 
However, conditions became such that it was not always 
possible to obtain properly stamped plates and so Case 
No. 931 was set up, the inquiry of which reads, “In view 
of the present emergency that makes it practically 
impossible to obtain certain materials made in accordance 
with Code Specifications, may materials available in 
jobbers’ stocks or elsewhere be used in Code boilers 
and other vessels?”’ 

The reply says in effect that, as a temporary expedient, 
material that might conform to certain specifications 
but for which mill test reports are not available may be 
used provided samples are taken and the physical and 
chemical properties shown to be in substantial compliance 
with the appropriate specification applicable to the 
purpose for which the material is to be used and if the 
material is acceptable to the inspector. 

This provision makes it possible to use good un- 
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stamped material and thus utilize what might otherwise 
be frozen stock. 


Flanges 


At its last meeting, September 10th the Boiler Cx 
Committee approved a report from its Subcommittee o1 
Bolted Flange Connections recommending the accept- 
ance of the American War Standard for Pressure-Ten 
perature Ratings for Steel Pipe Flanges, Flanged Fitti 
and Valves promulgated by the American Standar 
Association Committee B16C5 in January 1943. This 
revision of the 1939 Standard liberalizes the pressures 
and temperatures at which steel flanges of standard 
dimensions may be used. 


Factors of Safety 


Since they introduce some radical departures in boiler 
and pressure vessel design it is appropriate to discuss 
in more detail Cases 968 and 979 before mentioned. It 
has long been accepted practice to design boilers and 
pressure vessels with a so-called factor of safety oi 
which simply means that the maximum allowabk 
working stress is taken as one-fifth of the minimum 
the range of the tensile stresses given in the specificati 
which figure is, of course, reduced by whatever joint 
efficiency has to be used. 

In effect, but not specifically, Case No. 968 reduc 
this factor of safety from 5 to approximately 4. How 
ever, in so doing a number of restrictions were set uy 
one of which is a mandatory additive thickness aboy 
that calculated, of 0.1 in. except that for thicknesses « 
0.4 in. this addition needs be only '/, of the calculated 
thickness. 

Another provision that departs from usual practic: 
is the requirement that openings in shells requiring 
reinforcement shall have that reinforcement appli 
uniformly on the inside and outside of the shell although 
openings in heads may have the reinforcement on on 
side only. 

The case also provides an easement in the gage « 
tubes required for water tube boilers. 

Boilers built in accordance with this case may have thi 
Code Symbol stamp applied but in addition the letter 
“A,” signifying Alternate, must accompany the Symbol 
This further identification was deemed advisable becaus 
of the probable desirability, after conditions becom 
normal again, of avoiding confusion on the part ol 
specting agencies and State and City Departments 
to the exact design of the boilers constructed under pri 
ent conditions. 

Case 979, which applies to unfired pressure vessels 
only, is practically the same as Case 968 although ther 
are some differences. 

The required additive thickness in this Case is '/¢ of the 
calculated thickness, but need not exceed !/j_ in 
allow for general corrosion. However, attention 
called to the need for a greater corrosion allowance w! 
vessels are used in corrosive service. 

The requirement for the uniform distribution ol 
inforcement inside and outside of a shell is omitted 
this case. Stresses due to hydrostatic test and ot 
stresses which appreciably increase the stress over s 
stantial sections of the shell must be allowed for 
determining the thicknesses of the various parts. 

The Case, No. 897, that provides for the use of chr: 
nickel material is referred to in Case 979 whereby 
same increase in allowable working stresses is permitted 
as in the case of the usual grades of steel. 


JANUARY 


i} ; D j ] 
he 
rol 
; on 
ert 
to se 
mitt 
the 
‘ 
a the 
W 
4 + 
caer 
nand 
ece, 
state 
peri 
1] 
‘ 
tr 
the 
SS 
« em 


Non-Ferrous Materials 


[here is very little provision in the A.S.M.E. Code 
- the use of non-ferrous materials in the construction 
pressure vessels but few are now constructed of these 

critical materials. However, Cases No. 934 for 

oper, 935 for copper nickel alloy, 945 for Aluminum 

ronze and 994 for Aluminum Manganese alloy speci- 

provide for the use of such metals in Code vessels. 

[he characteristics of these materials are so different 

| those on which the Code is largely based, it is 

bable special sections will be made to provide for 

them. Indeed this is being done in connection with the 

evision of the A.S.M.E. Unfired Pressure Vessel Code 
ow in progress. 


Ay 


Safety of Personnel 


While the subject of safety of persons is not strictly 
ertinent to this paper it is well to call attention to the 
ffort that the American Standards Association is making 

set up standards for safety in electric and gas welding 

| cutting operations. This is being effected by Com- 
nittees from the International Acetylene Association, 
the National Electrical Manufacturers Association and 
the AMERICAN WELDING Society. This Safety Code 
s well along toward completion. It outlines in con- 
iderable detail the precautions that must be taken in 
handling welding equipment of all kinds and what is 
- ecessary for the protection of workmen. 
= As respects pressure vessels there is this significant 
tatement—‘‘Ventilation is a prerequisite to work in 
When welding or cutting is being 
erformed in a confined space such as the interior of a 
boiler or inside a tank, the welding or cutting equipment 

ll be left on the outside. An attendant stationed out- 


ned spaces. 


the Discussion on “War Emer- 
abol gency Codes for Welded 


Pressure Vessels’ 


pres By D. S Jacobus” 


N meeting the desires of the Federal Authorities that 

the rules of the Boiler Code be amended to conserve 

a. critical materials, particular attention has been given 
; he element of s ifety. In most cases the thickness of 

€ plate material called for by the amended rules is 


ss than by the old rules but improvements in the de 


wi 

ign of vessels built under the amended rules will make 
Sa uem as sale as those built under the old rules. In any 

urman, A. S.M.E., Boiler Code Committe 
lil 
UARY 


side shall observe the welding operator at all times and 
in case of emergency immediately shut off the gas or 
electric current and render such other help as the oc 
casion warrants.” 

‘““‘Where a welding operator must enter a confined space 
through a manhole or other smal means shall 
be provided for quickly removing him in case of emer 
gency. Safety belts and life lines used for this purposs 
shall be so attached to the operator’s body that the body 
cannot be jammed in a small exit opening In addition 
there are a number of other suggested precautions for the 
protection of welding operators. 


nenine 
opnenit 
pening, 


In Conclusion 


While it should be emphasized that conservation of 
personnel, property and materials is of paramount im 
portance, hasty decisions, even in these strenuous times, 
are not justified if safety in operation is thereby prej 
udiced, for safety is the prime objective 

The Code Committee endeavors to give just as prompt 
attention as possible to inquiries. Usually it is not 
possible to make quick offhand decisions, but in es 
pecially urgent circumstances, some of the usual pro- 
cedures have been by-passed in an effort to expediate 
action. 

In a brief paper of this kind it is not possible to 
many details. The purpose has been to point out what 
the AMERICAN WELDING Society, the American Society 
of Mechanical Engineers Boiler Code Committee, the 
American Petroleum Institute, the American Iron and 
Steel Institute, the American Standards Association and 
others are doing in cooperating with governmental 
agencies in this supreme effort of our country to preserve 
our heritage and to bring, as well, peace, prosperity and 
happiness to peoples everywhere. 


go into 


event, the inspectors discontinue the us« essel when 
it deteriorates to an extent that makes it approach th 
margi safety so that the only qui yn that ht be 
raised is whether vessels built under the 1 ed rul 
will have a long enough life in servic: 

rhe lie of vessels built under the new amended rules 
should approximate that of the older ve llow 
ance for corrosion and deterioration has been 1 le whicl 
calls for the thinner shell e) ( | | early 
the same thicknes is Dv the old 1 which I 
vides a reasonable margin for the t er shell ch will 
insure a long life under proper service conditions Che 
new rules are much better than the old in providing well 
balanced designs and in removing certai nsiste1 


c1es. 

Mr. Fish has taken a leading part in dk velo] ing the 
new rules and I am sure the interests of the users and 
manufacturers, as well as of the Boiler Code ¢ 
will be safeguarded under his guidance as its Chairman 


ommiuttee 
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Rolli | 
olling Mill Maintenance and 
Producti i | 
| roduction Welding Problems 
By Theodore W. Morgan’ 
General Maintenance Fig 
HILE the maintenance and production weld- 
ing problems and operations at the Butler, tor 
Pa., Division of the American Rolling Mill Co. as 
: may be small when reflected against those of the many trey 
i larger steel mills throughout the country, they are pret e 
equally urgent. This is particularly so in Butler where aia 
we are in full-scale war effort. ill 
Accordingly, in our smaller way, these problems must Pre 
be met promptly and solved speedily, so that production . wo 
of many end products made from Armco's various grades add 3 
of iron for our military forces, such as those illustrated table 
‘ in Fig. 1, will not be delayed. In no way do we wish to Our 
i contribute to the losing policy of ‘‘too little and too late.” types 
we To do this has been equally difficult for us as for encot 
: others. The Selective Draft for Military Service has d 
drawn upon us in the same proportion as elsewhere. rne 
Our Welding Department has contributed its share in the 
labor losses to the armed forces. We have been forced depai 
1: to draw upon older and, frequently, far less experienced V 
necessary to introduce women into our mill. A  sug- ee ee spray 
ice certainly would have been Today we have a Welding Department consisti 
. of 35 combination arc and gas welders, 30 scarfers 
ee Our Butler Division employs in the neighborhood of grane operators and 9 helpers. One assi = ices 
3000 people in all departments. Its plant facilities urna 
consist of open-hearth furnaces, one bloom or sl b The Gepartme Sh 
services are available at all times, in that, like the 
- mill with 4 rows of ingot heating or soaking pits, l wheel it works 3 turns, 7 days per week. The combinat: : 7 
works for pressing and rolling railway car wheels, a loco- welders cover all shops: open hearth, slab mill, str L 
mouye and boiler shop in the Same building as our mill, wheel works, galvanizing units, finish mil 
ny welding shop and one strip mill. The strip mill in- the machine pipe, boiler and locomotive departments 
cludes a Universal 36-in. strip mill, 4 slab heating fur- Our equipment now consiste of 14. arc s eldit 4 RY, 
naces, four-high hot reduction mills, two continuous ¢rators. one of which is the orizinal 1997 200-a1 Fp 
normalizing furnaces, a stainless steel continuous machine, three 300 amp., and the balance all 400 P 
pickling unit, 4 four-high tandem cold reduction mills, ay ¢ xygraph, four Radiagraphs and a special sla 2 
several single-stand four-high cold reduction mills and cuttiftg machine motivated by a Redingranh adeau tel |% 
a group of 3 continuous box anneal furnaces. It will be solve our machine gas-cutting problems supplemented ea 
| readily seen that these facilities require a consistent of course. with a full complement of intial oxyacet} ui 
maintenance program. lene cutting and scarfing torches. 
rhe Welding Department is a division of our Main- All machine gas-shape cutting is conducted in this '* 
tenance Department. Its functions are to aid in main- main welding shop, using the Oxygraph for such wot ‘m 
taining production, reducing costs, producing a quality as shown in Fig. 2. Portable Radiagraphs may be ei 
| product and maintaining facilities. In the 16 years of moved about the mill for operation wherever required a 
Y the writer's service it has grown considerably from what As is the case in all steel mills, our points of operatio “a 
was practically the absence of a department. In 1927 are scattered over a large area. ' ‘While most of the jo! 
there were but 2 gas welders and 1 arc welder in the welding and cutting is done in the main welding sh 
. Locomotive Department which was equipped with one we have found it expedient and economical to establi 
200-amp. generator for the purpose of weld build-up on several outlying small welding shops at stations convelr : 
armature shafts. ent to heavy maintenance work points. These shops Dak 
ty anne are equipped for oxyacetylene and are welding, oxyacet 
a * ot at the Annual Meeting, A.W.S., Chicago, Ill., Oct. 18 to lene manual cutting and are provided with a weldimg fig. 
t Welding Supervisor, The American Rolling Mill Co. table. One shop is located in the machine shop 4! 
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Fig. 2—All Shape Cutting Is Done in the Main Welding Shop, 
Using an Oxygraph for Such Work as Shown Here 


two, one at each end, in the strip mill. Localizing our 
welding service has saved measurably the otherwise 
attendant cost of handling work pieces to and from thc 
main welding shop. Figure 3 provides a view into the 
activities at these stations where building-up of slab 
mill table rollers and separators, on the journals and in 
the separator box, is in progress. In Fig. 3 the welder 
is working on the separator. The large bearing is brass 
ind is built up with the carbon are. The-large rolls are 
table rolls, the smaller ones are for the galvanizing unit. 
Our combination welders necessarily are skilled in all 
types of welding, brazing, heating and cutting, as we 
encounter every kind of casting, high and low carbon 
ind alloy steel. The storage racks and trays in the 

ner of our machine shop, shown in Fig. 4, indicate 
the volume of parts to be maintained in this particular 
department. 

While we are discussing maintenance in the machine 
hop we must mention the service provided by metal 
spraying. Savings amounting to hundreds of dollars 
have been effected by the employment of our Metallizer 
gun and outfit for the reclamation of various worn sur- 
laces such as pump shafts, the alumetizing of box anneal 
furnace covers and the building up of armature bearings 
is shown in Fig. 5. No stripping or rewinding of the 


~ 


rr 


rimature is necessary to accomplish this reclamation, 
only the roughening of the bearing surface is re 


Fig. 3—Building Up Worn Surfaces on a Separator, Using Car- 
bon Arc for Depositing the Bronze Overlay. Large Rolls in 
Foreground Are Table Rolls, Also Built Up by Welding 


quired to provide an anchoring base for the sprayed 
metal. 


Slab Mill—Slab Splitting 


t Butler we have a slab mill but do not have a billet 
mill. Several years ago we received an order for 50 


tons of ingot iron 3*/,- by 3%/,-in. billets i ft. long 
In view of the small tonnage we decided to cut these 
billets from Armco slabs, 3*/,4 in. thick, 37 in. wide and 
26 ft. long, employing a N t Radiagraph on a 
track and a single machine cutting torch. We found 
this not quite satisfactory as the cut sections warped 
and required straightening, resulting in excessive cost 

Four machine cutting torches were then mounted 
on a 5-ft. long bar, 1'/2 in. square, and all mounted on 
the Radiagraph. First the ends of the rolled slabs were 
cropped using a Radiagraph with a single torch. Then 
the four-torch unit was set up as seen in Fig. 6. As the 
slab sides were uneven it was necessary to trim the edges 


first with outside cuts. Subsequent cuts were made by 
moving the torches toward the center of the gantry 
bar. 

Repeated orders for the same material in 400-ton lots 
for welding wire stock made it essential that a speedier 
method be developed as the 4-torch arrangement neces 


*'3. 4—Variety of Parts Stored in Racks and Trays Indicate the Volume 
of Work Done in the Welding Department 
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Fig. 5—This Building-Up Operation on an Armature 
Bearing Is One of Numerous Parts Reclaimed by 
Metal Spraying 
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Fig. 6—The Second Setup for Splitting Slabs Into Billets Was 
This 4-Torch Device. Torches Were Shifted Toward Center of 
Bar to Complete the Slab Splitting Operation 


sitated repositioning the track, the machine and the 
torches for splitting the entire slab. 

A carriage was fabricated from tube, plate, an ex 
tended torch bar and grooved wheels. Two slabs were 
positioned on the floor at a low level and utilized for 
bases, with ample space between their parallel edges to 
accommodate the maximum width slab rolled. Two 
l-in. square bars were mounted in diamond position 
on blocks and securely tack welded, one on each slab, 
as rails. The Radiagraph track was also tack welded 
in parallel position so that the Radiagraph could push 
or pull the carriage as desired. Employing 4 torches and 
traveling at a speed of 9 in. per min, approximately 8 
slabs per 8-hr. day were split in this manner. 

Later, to prevent wheel binding we replaced one 
grooved wheel with a flat wheel. The grooved wheel 
provided alignment on the one side, while the flat wheel 
on the opposite side allowed come and go resulting from 
heat expansion. As the volume of orders for these 
special billets increased soon thereafter 6 more torches 
were added. This permitted the complete splitting and 
trimming of a slab with 10 torches in one pass, as il- 
lustrated in Fig. 7. In 1942 better than 9,330,000 Ib. 
of Armco ingot iron were cut in this fashion. 


Fig. 8—This Mill Employs a Number of Women for 

Scarfing, as Shown Here. After 3 Weeks They Can 

Handle Approximately the Same Tonnage as Male 
Operators 


Slab Scarting 


Slab searfing is, to a greater extent, conducted in 
wheel works where we operate 3 shifts, 7 scarfers to « 
The work is done in a slab field rather than on | 
To a lesser extent a certain amount of slab scarfi 
conducted in our slab mill where 3 shifts are in progres; 
The scarfers in the wheel works ar 
under the supervision of the Welding 
Those in the slab mill are supervised by the Super 
intendent of the slab mill, but the Welding Depart: 
cooperates and aids in coordinating this activity. 

Here is one of the outstanding examples of th 
celerating employment of women for operations 


4 scarfers to each. 


tofore believed exclusive to male activity. 


Department 


At present 


we use both men and women for this work, and ha 
found the women far more adaptable than we expect 
This is hot, heavy work, requiring real stamina in ev 


a man. 


Our training for women scarfers follows a strict 


pat 


tern. First, they are given two days of class work t 
learn the reason for the operation, to train them to idet 
tify quickly inspectors’ markings and to recognize the 


Fig. 7—Final and Present Setup for Slab Splitting Uses 
Torches, Driven by a Portable Radiagraph, to Complete the J 


in One Pass 


Fig. 9—Slab Mill Housing, Fractured in Both Legs, Before Weid 
This Photo Was Slightly Retouched t 


Repairing Was Begun. 
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the slab field in Fig. 8. 


between minor surface markings and harmful 
scabs, seams and the like. They are then taken 
mill and, with an unlighted scarfing torch, are 
torch balance, and coordination of torch, arms 
ly movement while walking at the proper scarfing 
After being taught these principles, followed by 
lighting, operation and care of the torch, they are 
permitted to light the torch and to practice scarfing 
rap steel. We have found that, after 3 weeks, the 
of these girls can scarf approximately the same 
age of slabs asthe men. Four are shown at work on 


Slab Mill Housing Repair 


About a year ago we had a breakdown on one of our 
tin. Universal mills, due to fracture in a 68,000-Ib. 
lab mill housing casting. 

fhree thousand men depended on this mill for work 
nd at the same time were working on war production 

The foundry could not deliver a replacement 
using in less than 3 to5 mo. As this mill can produce 

100 tons of steel per month, it is evident that it was 
hly essential that it be returned to operation in the 
test time possible. 


( 


The housing, at the point of fractures, is an H-section 
approximately 6-in. thickness flange and web; the 
veb being bored with an 11-in. diameter hole to ac- 
mmodate a hydraulic cylinder which is used to pull 
ide rolls in and out. The flanges are 18 in. wide 
from the outside to outside of flanges is 28'/» in. 
lile it is not certain where the fracture started, it 
veled through a 2'/,-in. drilled hole in the flange and 
ceeded to the bottom of the 11l-in. hole. Then it 
gain started from the center of the opposite side of the 
hole and proceeded in a fairly straight line to the 
ide of the opposite flange, causing a complete break 
oth sides, and separating the housing in two pieces. 
th housing legs broke in approximately the same 
uner. The breaks are illustrated in Fig. 9. 


Naturally, with a war production schedule to fulfill, 
mill required our advice as to when we would place 
- rolling mill back in service. A quick survey of the 
cessary procedure was made and a working schedule 
the repair was anticipated. It was estimated that 
could complete this work in 15 days, or slightly less 
nless unforeseen developments occurred. We broke 
wn each stage of the planned procedure into task 
sifications, allocating an estimated number of work 
ng hours toeach. In nearly every instance we were not 
ly able to maintain this self-appointed schedule, but 
lso to excell it by finishing each particular task ahead 
schedule. The accumulated gains resulted in our 
ing out the job in a period of 14 days, and, in actual 
progressive working hours, in 13 days. During this 
period, and during the welding stage, we filled in 2437 
near inches of weld metal, or 896 Ib. of 0.10—0.12 
rbon, 0. 15 manganese, 0.035 phosphorus, 0.035 sulphur, 
Ui silicon electrode, the equivalent of A.S.T.M., 
\<02-427T, E-6010 electrode. The metal deposition 
required 121 hr., 484 machine-hours and 600 man-hours; 
the excess man-hours over machine-hours being ac 
counted for by spell welders. The cost of this repair, 
uding the dismantling and reassembling of the mill, 
including all welding and machine shop hours, was 
08.00. A new housing, if it could have been ob- 
ed, would have cost $12,850. While we have since 
hased a spare housing, to meet the recurrence of such 
cmergency, the repaired housing continues to provide 
in-and-out service. 
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Fig. 10—Natural Gas Burners to Preheat the 68,000-Lb. Casting 
Were Mounted in the Positions Shown Here, and Controlled as 
Indicated 


We first stripped the mill of all outside and tmside 
gears, rolls, etc., and then cleaned off all greas« and dirt 
Due to the open areas about the mill a temporary shelter 
was built around the entire housing to keep the welds 
free of cold drafts The housing was then braced to 
allow for repair in position. Such allowed us to leave 
the foot bolts in place, holding the bottom and, at the 
same time, take advantage of the bottom and top tie 
bars which are 12 in. square at t 
square at the top. The tie bars, connected to the 
outside housing, furnished excellent means for holding 
the broken housing horizontal. We then put a 2-in. bar 
through the vertical screw box, in the center of the hous- 
ing, put a plate on the top of the housing, threaded the 
end of the bar and fastened its bottom to a structural 
frame which, in turn, was fastened to the bottom of the 
housing. This held the housing in a true 
tion. 


vertical posi 


Natural gas burners were next installed in the posi- 
tions shown in Fig. 10, but so placed that they could be 
moved about to control the preheat temperature and to 
retard dissipation of the heat from the welded section. 
While this was being done, welding circuits were in- 
stalled, acetylene and oxygen were moved to the job 
and 4 welding machines were checked for the operation. 

Oxyacetylene scarfing, preheating, arc welding, slow 
cooling and machining, in the sequence given, provided 


44 ROLLING MILL MAINTENANCE 37 


| \O) | 
| | | 
| | Y 


the fastest possible method for restoration. This pro- 
cedure appeared to be the only practical routine con- 
sidering the confined working conditions encountered 
in repairing the housing in position. The similarity of 
the breaks on each leg of the housing permitted the same 
program for both the right- and left-hand sides. For the 
purpose of illustration, we will discuss and illustrate 
the application on the left-hand leg only. The view of 
Fig. 9 shows the extent and position of the fractures 
in both legs. For immediate visualization of their 
character and path, this photograph has been retouched 
in black and white outline and directional arrows. 
Plates, 1'/s in. thick, were then welded on each face 
of the flanges, as shown in Fig. 11, and the broken hous- 
ing was checked with a perfect housing for exact align- 
ment. To assure alignment check being maintained 
throughout the operation, tram points were placed on 
both housings, in vertical and horizontal position, so as 
to observe any evidence of horizontal movement. The 
necessary pin gages were made to fit the different tram 
marks. The job was now ready for scarfing out the webs. 
This was a delicate, difficult job because if superfluous 
heat were transmitted into the casting it would expand 
excessively and trouble would be experienced in re- 
alignment. Therefore, scarfing proceeded slowly and 
heat transmission was carefully controlled. The fact 
that both legs were broken permitted scarfing to proceed 
for a short period on one leg and then on the other for 
an equivalent period, alternating back and forth until 
completion. The procedure consisted of starting at the 
inside of the 1l-in. diameter opening, in the web, and 
gouging toward the flanges. This was carried through 
for the entire thickness of the web on both sides of the 
hole. These gouges terminated at the flanges, or slightly 
beyond, as indicated in Fig. 11. The gouges were then 
cleaned with a hand-grinding tool. Considerable time 
was saved by cleaning all scarfed surfaces to a bright 
finish. Small globules from the are would be dissipated 
as spatter and would not adhere to the bright finished 
surface as readily as to an unfinished scarfed or hand-cut 
surface. 

Welding then proceeded as seen in Fig. 12. Our 
welding machines were set at 150 amp. and a °/»-in. 
electrode was employed. The small size aided in 
eliminating some undesirable heat and prevented undue 
internal strains. The welding procedure consisted of 
depositing one horizontal or stringer bead for the full 
length of the flange section, and then cleaning the bead 
and peening with a round-nosed air-operated peening 
tool. Peening speed was carefully checked to prevent 
overpeening. The weld was again cleaned with a wire 
brush before the next bead was deposited. This se- 
quence continued until there was about 2 in. depth of 
weld metal on the inside of the flange section. A heel 
was thus formed and the 1'/s-in. thick positioning plates 
were then removed with safety. 

Scarfing then proceeded on the outside surfaces of the 
flanges, as seen in Fig. 13. The same sequence routine 
was followed, i.e., scarfing, cleaning by grinding, stringer 
bead welding, cleaning, peening, wire brushing, welding, 
etc. Bead reinforcements were carried through well 
above and below on the flanges and around their entire 
surfaces, as shown in Fig. 14. Four welders were em- 
ployed, one on each outside face of the H-section and 
one on the inside section. The same procedure was 
carried out on both legs which allowed control of heat 
distribution and avoided internal strdins due to un- 
even heating. Care was taken to deposit no more than 
sufficient metal in the 11-in. holes so that machine work 
could be held to the minimum. 

During the welding, two boxes were made of gal- 


Fig. 11 (Top)—Initial Gouging Was Carried Through to the 
Flanges, Then Cleaned with a Hand Grinder. Note That Heavy 
Plates Were Welded to Flanges for Support and to Maintain 
Alignment 
Fig. 12 (Center)—-Appearance of Housing Leg After Welding 
Inside Gouge, end Before Gouging Out the Balance of the Crack 
at the Right. Electrodes Used Were */,, In. Diam. 
Fig. 13 (Bottom)—Outside Flange After Removal of Tie Plate 
and Scarfing of Crack. Both Legs Were Treated in the Same 
Way and at the Same Time 


vanized sheet iron, their inside dimension 4 in. largt 
than the housing itself. This allowed room for packing 
insulating material around the housing. These wer 
immediately installed around each leg upon completion 
of welding to keep the casting from cooling too rapidly 
They likewise provided an annealing effect. A 
normal temperature was attained the boxes were fr 
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Fig. 14—View of the Finished Weld, Showing the Amount of 
Reinforcement Welding. Electrodes of E-6010 Specification 
Were Used, 896 Lb. Applied to the 2 Legs 


moved and the housing taken to the machine shop where 
the excessive weld metal within the 11-in. diameter holes 
was removed as shown in Fig. 15. On completion the 
housing was installed in operation. 


Open-Hearth Sloping Backwall Furnace 


At least 5 of the sloping backwall type open-hearth 
furnaces have been built at our Butler plant. Originally 
ll of our furnaces were of the older straight-back type 
but these are gradually being replaced with the sloping 
backwall type as fast as their normal life is expended. 
The gradual clogging up of checkers and the lack of 
checker draft eventually cause them to be lost to 
service. 

A straight backwall furnace will burn out faster than 
the sloping type. Direct heat on the backwall causes 
the bucks, frequently made of structural shapes, to 


Jot 


Fig. 17—Inside View of Door Sill Casting Section of 
Fabricated Sloping Backwall Furnace, During Con- 
struction 


Fig. 15—-Appearance of One Leg of Housing Casting, with 
the 1l-In. Diam. Hole Partly Machined. The Housing 
Was Restored to Service After This Operation 
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Fig. 16—Cross Section of Sloping Backwall Open-Hearth 
Furnace. Five Such Furnaces Have Been Fabricated at This 
Mill, and Others Will Be Built as the Old Straight-Back 


Furnaces Need Replacement 


| 


Fig. 18—View of Rear Buck Stays Taken from the Inside, During 


Erection of Fabricated Open-Hearth Furnace 
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Fig. 19—Furnace Backwall Lining, Made of 1-In. Rolled 
Plate 


bulge, necessitating continuous repairs. The modern 
sloping backwall types have buck-stays made of solid 
4x 14-in. sections which offer strong resistance to dis- 
tortion and can be economically framed with welding. 
Figure 16 illustrates a typical cross section of the newer 
design. Various stages of erection are shown; Fig. 17 
shows the door sill casting from the inside; Fig. 18 a 
view of the rear bucks from the inside. In Fig. 19 we 
see the l-in. thick backwal! liring in place while in Fig. 
20 our view is of the back, on the outside, looking at the 
back castings and tap holes. An interior view of one 
of the older straight wall furnaces is given in Fig. 21. 
It is fully bricked-in similar to the manner in which the 
new sloping backwall furnaces will be finished. 


Fig. 21—Fabricated Sloping Backwall Furnaces Are Finally 
Bricked-in Similar to This, Which Shows One of the Old 
Straight-Back Furnaces 
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Fig. 22—These Are the Flame-Cut Parts Which, When Welded, 
Make Up the Open-Hearth Nose Cooler Shown in Fig. 23 
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hearth furnace, a nose cooler chamber is built for 
installation. Even though these burners are 
cooled, the intense heat created in the furnace will 
the burners either to sag in the middle, or, frequent 
bend straight up toward the roof. Outside adjust 
cannot offset this condition. It was necessary to dé 
additional protection without installing added 
burdensome water-cooling equipment, since every 

of water employed increases the fuel cost. 


gas-welded job although, in some instances, th 
has been employed for welding this item. It has b 
found, in this instance, that time and costs for 
arc are about the same. Figure 22 shows the \ 
parts, as flame cut, laid out prior to assembling. | 
the torch, and a high test rod, Figure 23, the unit 
assembled in 15'/, hr. welding time. There ar: 
linear inches of welding on this unit. All weld 
continuous and water tight. 


Fig. 20—Rear of Furnace Under Construction, Showing 
Back Castings and Tap Holes 


Fig. 23—Using an Oxyacetylene Welding Torch and High-Test 
Rod, the Nose Cooler Is Welded in 15'/, Hr. All Welds Are 
Continuous and Watertight 


Nose Cooler 


In order to keep the burner nose cool in the 


The open-hearth nose cooler is a wholly gas-cut 


Port Cooler Rec 

We have also been fabricating port coolers for Pir 
open-hearth furnace, as illustrated in Fig. 24 

JANUARY 1944 


| 


The outside and inside walls, bottoms and formed 
hoods, as well as the ends, are flame cut fron s-in. thick is 
plate. Staybolts, made from l-in. d'ameter steel, are 
threaded throughout and span the cooling water jacket 


on the sides—inside to outside walls Pipe of | in 
diameter, welded in at the head, serves for water inlet 7 
ind outlet. The ends are positioned with a recess allow 
ing fillet welding throughout his port is tested mndet 
pressure at [5() psi ind takes about 35 man-hours to 


fabri at 


We endeavor to solve as many problen iS We can 
with oxyacetylene cutting, either manual or machine, 
ind are welding with erials, 
delayed iveries a | i the othe it 
tendant with the securing of replacement ts, fabrica 
tion on the job ts pract lly compul errupted 
roduction is to be 1 itained. A more than a 
few instances we have iound that not only can we effect 
; economies in this fashion, but, more frequently than not, 
Fig. 24—-This Fabricated Open-Hearth Port Cooler Is Another 
secure a stronge! ind more rihy product ; 
of the Parts Commonly Fabricated by the Welding Department 
It Takes 35 Man-Hours to Build 1e wheel works furnace door, and its parts, is a typica ” 
exam ple [It takes but 5 hr. to make tro1 1. plate 
and several lengths of standard small le bar and 
using these port coolers, in conjunction with the nose _ strap. 
ler, we can reduce the size of the pipe employed for Another example is the wheelbarrow wheel Secur- 
the burner. We save water as well, the securing of which ing replacement wheels for the hundreds oi barrows ? 
is quite a problem at our Butler, Pa., plant. necessary around a steel mill is now practically out of : 
Fig. 26—Bulk Oxygen Supply Is Received by Means of 40,000 Cu.-Ft. Capacity Trail- 
ers Such as This, Shown Connected to the Master Valve Contr 
(7 we 
> 
Fie 
‘ig. 23—Central Control Valves and Fig. 27—This Portable Rack Provides Protec- Fig. 28—In This Apparatus Repair De- j 
= AtOTs, Oxygen Trailer Trucks tion to Individual Oxygen Cylinders, Which partment, Oxyacetylene Welding and 
~ _-frough Ihese Controls to the Are Occasionally Needed for Operations at Is pected Per 
*ipe-Line Distributing System Through- Remote Points. Hinged Doors Are Swung > ] Made Promptly 
out the Plant Back in This View if Defects Are Disclosed 
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the question. Wooden wheels are, of course, im- 
practical. At one time, during the period of rubber 
availability, we tried rubber-tired wheels. But the 
customary conditions about steel mill floors and grounds, 
such as pitted and pocked concrete, scrap steel, etc., 
caused excessively rapid deterioration and destruction 
so that these were abandoned. The fabrication of steel 
wheels is now standard practice. These wheels are 
15 in. in diameter, weighing about 10 lb. The welded 
axle is 1'/, in. diameter and 7 in. long. Two hours’ 
welding time is required per wheel. They are par 
ticularly adaptable to open-hearth use where such equip- 
ment naturally is subjected to unusually rough treat- 
ment. 


Gas Distribution and Apparatus 


We are very fortunate to have had installed a complete 
pipe-line distribution system prior to the war for both 
oxygen and acetylene throughout our major buildings 
and to points where either one or the other, or both, 
require large quantity supply. As a result we have 
effected many economies and have eliminated a large 
amount of cylinder handling. Our requirements in 
1938 reached a volume that warranted the expenditure 
for a piping installation, an expenditure which was 
quickly written off due to the savings effected after 
installation. 

Our main oxygen line starts with a 2'/s-in. supply 
pipe and extends, in diminishing diameter as the demand 
toward the end point reduces, to the welding, locomotive 
and boiler shop, the slab mill, open hearth, wheel de- 
partment, strip mill and machine shop. The line pres 
sure averages around 140 to 150 psi. and outlets are 
generally 1 in. for all drops. At the scarfing drops 80 
psi. are required. 


At first oxygen was supplied from 88 manifolded oxy- 
gen cylinders, in an oxygen manifold building east of, 
and near our Welding Department building. The mani- 
fold building was of sufficient size to allow adequate 
cylinder storage. Later we found it advantageous to 
change over to oxygen trailer track delivery, and we 
utilized one corner of the manifold building, shown in 
Fig. 25, for our trailer manifold and contrel. Complete 
control of our oxygen supply is maintained at this 
point. When a 20,000-cu. ft. oxygen trailer, as shown 
in Fig. 26, is connected to the master valve control, shown 
to the left in Fig. 25, and represented by the “‘in-service”’ 
disk, the oxygen is directed to the Flowmaster regulators, 
one of which is shown at the rear. Here it is reduced 
from the 2200 to 2400 psi. trailer pressure to the 140 to 
150 psi. line pressure. A “‘reserve’’ trailer is always 
available for automatic cut-in upon complete discharge 
of the “‘in-service’’ unit. 

The main acetylene line is 1'/, in. with station drops 
in all oxygen locations excepting in the open hearth. 
Only pipe-line oxygen, is needed at that point for the 
tapping of heats on one side and keeping ladles open on 
the other. The acetylene generator house is outside 
of the welding shop to the west. One 500-lb. and one 
300-Ib. double rated medium pressure generators ade- 
quately serve our need. 

There still remains, and always will, a moderate need 
for cylinder oxygen for operations at remote and emer- 
gency points, or at points where only an occasional 
demand exists. To facilitate the safe and speedy 
handling of these cylinders, we have constructed a num- 
ber of protective racks as seen in Fig. 27. A rack of this 
style can be lifted and handled at will with safety. It is 
moisture proof, as the bottom tier is sufficiently high to 


Fig. 29—-Each Welder Has an Individual Locker Where Tools 
Charged Out to Him May Be Safely Stored 


pi 
4 
4 
re, 
F 


Fig. 30—In the Scarfing Fields, This Type of Rack Is Provia: i 
to Prevent Damage to Torches When Not in Use 
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ma With the cylinders in a 
horizontal position, there is no danger of their being 
knocked over. The doors may be closed and locked 
when required. It is an economical unit, made of tubing 
nd light plate, welded throughout. 


a 


Apparatus Repair and Care 


Faulty apparatus may cause much unwarranted ex- 
penditure. Valuable time may be lost when the need of 
repair to the welding apparatus occurs after everything 
is all set up for an emergency repair job. This may 
well happen, and does, when periodical inspection of 
welding, cutting and scarfing apparatus is not maintained. 
lo overcome this, all equipment is periodically inspected 

| our apparatus repair department, shown here in Fig. 28. 
are made promptly if defects are disclosed. 
Good work requires good tools, and, to remain good, 
sood tools must be properly cared for. We strive to 
maintain each piece of equipment at its peak efficiency. 

We endeavor to educate our employees likewise. 
Our welders are provided with steel lockers wherein they 
keep all of their own tools and equipment charged out to 


i! 
Repairs 


them. A group of these lockers is shown in Fig. 29. 
At the scarfing fields, where torches with starting rod 
attachments may be quickly injured if left about the 


field, racks, as shown in Fig. 30, are provided for the 
torches when not in continued use. 


Conclusion 


We have only attempted in a general way to discuss a 


few of the many problems we, even in our modestly 
sized mills at Butler, meet and try to solve Che in 
creasing difficulties that all of us have experienced in 


securing replacement items during these difficult times 
and the imperative demand placed upon us to main 
peak and overpeak production without interruption 


calls for all our ingenuity and resourcetult It is 
possible that others are faced with like problems, and if 
in any way, the methods of solving any of the problems 


herein presented provides either an answer or a sug 
gestion toward the answer to like or 
then we will feel that the presentation of thes 
been warranted. 


Similar problems 


Reclamation of Perishable Tools by Low 
Temperature Brazing 


By W. A. Johnson’ 


AM NOT a welding engineer! 
a welding torch on 
with and ur 


I have only handled 
a few occasions. I am familiar 

un application of 
oxyacetylene welding only. I am a tool engineer! I 
o understand the application, design, manufacture, 
and uses and misuses of cutting tools as that is my job. 
It is my responsibility at Tractor Works of the Inter 
iational Harvester Company. I am not going to at 
tempt to tell you, gentlemen, anything about theoretical 
brazing or welding. Therefore, I have selected the sub- 
as ‘‘Reclamation of Perishable Tools by 
Low Temperature Brazing.’ I intend to show you the 
possibilities of increased research, study and application 
le oxyacetylene torch with low-temperature alloy 
as can be used for repairing and reworking damaged, 
roken, worn-out, obsolete and surplus cutting tools 
and putting them back to work again instead of the 
ct practice of discarding them as worthless 


ject for my talk 


7 
ot t} 


rods 
} 


ust mary 


_ Our welding engineer brought to our plant and guided 
oe a of this low temperature brazing me thod to 
ne repairing and reworking of cutting tools. This weld- 
ie engineer, Mr. Theodore Russell by name, was given 
the cold shoulder at first. Many said it couldn't be done 


In 


* Prese 
nted at the Annual Meeting, A.W.S., Chicago, Oct 21 
$4 
' international Harvester Co., Tractor Works 


43 


This welding engineer proved that it could be done 
For the past 


four years, we have studied and developed 
new applications for the use of this low temperature 
brazing process on the repairing and reworking of cutting 
tools 


At first, our progress was slow. Failures were experi 
enced. We became discouraged, but we kept on trying 
and began to have moderate success. When success was 
felt and the possibilities were presented to the manag 


ment, the way was paved and facilities were made avail 
able for further research and development By the 
time the war broke, we had attained er r success 
In tooling up for war products, our cutting t require 
ments were found to be varied and quite ext ve 


With long deliveries and delays in obtaining the needed 
cutting tools, it was necessary to add an extra effort 
to our tool reclamation activities in order to obtain as 
many of our requirements as possible. In ot 
we had to be resourceful on our own 

Uncle Sam's requirements 


in order t 
lor war production 
Every possible talent was thrown into this program 
We were literally forced 
inventories of thes 


to reclaim and rework existi 
We art 
of our success and the results of our added efforts 

Since man has learned 
Manganese, silicon, 


molybdenum, 


SO call d si rap tor 


how to combine iron, carbon 
chromium, vanadium, tur 
cobalt and other elements int 
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tool steel and then machine it into a fine precision cutting 
tool, should he discard this tool because it is undersize, 


broken or obsolete? From the conservation angle 
alone, this is a waste. From the practical common 
sense angle, it is not necessary. There are three ways 


in which these available cutting tools, in whichever form 
they may be, can be put back to work: first, the con 
ventional manner of regrinding in the hard; second, 
build-up welding; three, low temperature brazing. 
Since this is a welding society convention, I am going to 
refrain from discussing the conventional manner of re 
grinding in the hard. Since build-up welding is still 
in the experimental stages, I am only going to briefly 
outline the research work which has been on in 
this field and what is hoped to be accomplished by this 
method through continued research. low tem- 
perature brazing has been highly successful, that is the 
picture I wish to present and discuss today. 

Having discarded conventional 
1ppropriate for this meeting, 


going 


Since 


regrinding as un 

x, let me briefly outline what 
has been done in the build-up welding field. Many 
efforts have been made in recent years to develop a weld- 
ing technique and a welding rod which could be used 
for building up and replacing broken teeth in cutting 
tools. A great many welding alloys have been tried, but 
generally, their temperature of application has been too 
high. The oxyacetylene torch has been used in these 
experiments with several commercial welding alloys. 
We have had sufficient success to warrant further re- 
search in this field. What we hope to discover is a weld- 
ing rod with a sufficiently low melting point so that the 
heat of application necessary with the oxyacetylene torch 
will not anneal the rest of the cutter and will also leave 
a built-up or replaced tooth of sufficient hardness neces- 
sary for a cutting tool by air hardening. 

Our research indicated that the preparation of the 
tool, technique of the welder and the grinding of the 
welded cutter are important problems which have to be 
solved. Others are working on these problems and we 
feel that one of these days the right combination will be 
discovered which will make this salvage method practi 
cal. The advantages of such a process are enormous. 
The savings are large. A cutting tool engineer would 
welcome its successful use. We are working at present 
with a large tool steel manufacturer who is attempting 
to develop such a welding rod and the technique neces 
sary for its use. 

The low temperature brazing process, as we have 
successfully applied it, consists of brazing tool steel in 
its various forms of fabricated cutting tools just below 
those temperatures harmful to the hardness of high 
speed tools. As mentioned before, this has 
yielded cutting tools which could not have been pur- 
chased in time to keep production schedules. We have 
put cutting tools back to use for a normal tool life ex 
pectancy. Cracked slitting saws, broken milling cutters, 
broken flat, round and multiple spline and keyway 
broaches, extension reamers and drills made from two 
short ones, two short tool bits butt brazed together, 
repaired broken dovetails on forming tools and many 
other examples of this method of tool reclaiming have 
been realities at Tractor Works. 

Steps common to this type of tool reclaiming are: 


pre cess 


1. Preparing the surfaces to be joined. If an even 
break has occurred, we find it better not to grind 
the joint ends. ‘ 

2. Clean surfaces thoroughly with carbon tetra- 
chloride using a soft bristle brush, thus re 
moving dirt. 

3. Coat with autochemic 
brazed 


flux the surfaces to be 


44 


THE WELDING JOURNAL 


t. Apply an oxyacetylene torch to the joint ends LW 

5. Apply the brazing material until it flows free} 
through the joint. th 

6. Grinding or filing for removal of excess materi 

7. The sharpening of the tool. 


Sounds simple, doesn’t it? Well, it is but not 
as simple as described. There many trick 
refinements in this process which have to be devel ne 
by experience. I will mention a few that our welde ropt 
has learned. 

In most cases it is necessary to thoroughly preh: 
tool before attempting brazing. This preheatin; 
either be done by the torch before starting actual b: Ute 
or a small furnace with heat regulation may be 
Depending on the kind of tool, the preheating ten 
ture should be between 600° and SOO° F. The preh 
is necessary to avoid setting up stresses in th 
which might cause it to break. After brazing, it 
visable to place the tool back in the furnace and 
it to cool off gradually or place it in mica or asbestos 

There are several rods used in low-temperature bra 
They are all chiefly an alloy of copper, zinc, nickel, | 
phorus, cadmium and a medium amount of silver 
Their melting points vary from 800 to 160% 


are 


to 60° 
The alloys used in tool brazing range in melting 
from 1175 to 1300° F. Now, these temperatur« 
very near the drawing temperature of high-speed 
The welder must learn the correct manipulation 
torch and heat it so as not to harm the tool. He 
not soak his heat. He must work from the center « 
tool out so as not to cause stresses in the outer ¢ 
the tool. He must direct his torch on his welding 
and use it as a thermometer for his working temper 
If he knows the melting point of his rod, which is 

by the manufacturer, he can gage his torch applicat 

accordingly. 

The autochemic fluxes used must be entirely 
and active at temperatures below the flow point ot 
brazing alloy. 

[he drawing temperature of most high-speed to 
between 1000 to 1100° F. Therefore, as mention: Ly 
fore, a soaked heat must be avoided by the torch. 1 betwi 
anneal a high-speed tool, the tool must be heated for engi 
prolonged time at a temperature above its critical | nat 
This is not going to happen in repairing tools as « h 
few minutes’ brazing heat is necessary. pract 

Not every welder can braze high speed tools. He must peris] 
be an experienced hand and one who knows what !i the ¢ 
about. Most welders can be trained and becom: 
at tool brazing with practice. ut ¢ 

Most tools require the use of an alignment fixtu sure 1 
while brazing. These fixtures need not be elabor now 
but should be accurate. The strength of a corr 
brazed joint depends upon its thickness. The str is re 
joint thickness seems to be 0.0015 in. BIV 

The one outstanding phase of our use of low temp 
ture brazing is that of making new tools from both scr ind | 
materials and new materials. Milling cutters hav 
a bottleneck at Tractor Works on one of our wat 
tracts. We have actually made mill type and ba 
type, plain, side and form milling cutters by bra 
hardened prefabricated blades into a_heat-tre 
machine steel body. This method has not only 
time but high-speed steel, as well as keeping prod 
going. 

Tools reclaimed and fabricated by the aforement 
procedure do actually have, in most cases, the sa 
as new tools. 

During the past year, we put into use by the \ 
tool reclaiming methods 14.5% of our total cutti 
expenditures. In our opinion, this is an enviable t 
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vish to elaborate on the aforementioned outstanding 

e of our low temperature brazing application. That 

the making of milling cutters by brazing hardened 
ibricated blades into a heat-treated machine steel 
[his application consists of machining a mulling 


ter hub from a mild alloy steel in a suitable manner 


ceiving the prefabricated hardened high-speed 
[he blades are then placed into the hub and 
ed in place. After assurance has been made of the 


ner setting of the blades, they are then brazed in 
he low temperature process. Scrap milli 
blades can be used for this application as well as 
blades. After the blades are brazed in place, the 
r is then ground in the conventional manner. In 
1st a backed-off form milling cutter, it is neces 
to form grind blades with a straight back-off so 
e all teeth doing their required work Chis 
grinding is not a simple process and many tool 
ing men will discourage its use. Itc however, 
ne by the use of simple template type fixtures which 
nerienced tool grinder understands the use of. 
[here are several idvantages in being able to make a 
¢ cutter by this method: 


no 


bv 


Oo} 


afl, 


More blades per inch of circumference, thus, less 
chip load per tooth. 

Increased and speeds due to 
blades, thus, increased production. 

Versatility of application. 

Being able to help yourself when conventional 
cutters are not available. 

A stronger cutter. 

Many shops do not have back-off lathes as ther« 
has been a shortage of back-off lathes in the 
cutting tool industry. Therefore, since these 
cutters can be made without a back-off lathe, 
you can readily the advantage of this 
process 

We believe that the fabrication of cutters by this 
method could economical the con 
ventional manner. 


feeds idditional 


see 


be as as 


| wish to emphasize the importance of relationship 


between the welding engineer and the perishable tool 


Neither function 


gineer can successfully as an 
lividual. The welding engineer is versatile and 
thoroughly familiar with the necessary theoretical and 
practical applications of his welding technique. The 
erishable tool engineer is familar with and understands 


the design, fabrication, use and misuses of his cutting 


ols. In order to successfully repair broken and worn 


ut cutting tools, the perishable tool engineer must make 


ire that he imparts to the welding engineer the necessary 


knowledge about the function and application of his tool so 


Current 


hat the welder may have the benefit of this information in 


repair work. In other words, if a welder should be 
ven a broken tool and told to braze it together and he 
| not understand the clearance, the step per tooth 
pertinent information as regards design and appli 


(Continued from page 29) 
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cation of the tool, he would just merely braze the tool 
together and it would fail when put back to work l 
cite as an example to illustrate this point a broken 
broaching bar. In designing a broaching bar, it is 
necessary to distribute the amount of stock which ts to 
be removed by the broach evenly over a given number 
of teeth so as to limit and distribute the load per tooth 
evenly Starting with the first tooth of a broach, each 
tooth becomes progressively larger toward the end of 
the bar li a welder desiring to braze together a broken 
broach should merely place it in a fixture | t inst 
one side of the broach and then proceeded 1 raze é 
would have that one lo iting side without the nece 
progressive step per tooth and the broach would not 
pertorm its required work 

On the other hand, if the perishable tool engineer did 
not rely on the welder or welding engineer t truct 
him in the particular problems of heat contr izing 
temperatures and strength of brazing, the resulting re 
paired tool would be unusable because too high heat 
or other strictly welding failures 

I think I have made it clear that a free interchange of 
experience knowledge and technique is nec ry and 
vital between the perishable tool and welding engines 

At a meeting such as this, ver e can be said and 
explained in regard to the proper design of alignment 
fixtures for holding the various cutting tools while b1 
ing he importance, however, of well-designed, accu 
rate and universal alignment fixtures cannot be over 
emphasized heir accuracy of construction and thei 
design for universal use are the most important item 
[he use of stock, mill run angle plates and clamps is not 
sufficient for use by a welder in repairing precision made 
cutting tools. We have found that approximately 8 or 
10 universal fixtures are all that is necessary for the 


welder to have in repairing the average cutting tool used 
| 


in an industrial plant engaged in the manufacture o 
automobiles, trucks or tractors hese fixtures shoul 
be constructed with positive clamping devices in the 


and spring plung 


lower section of the fixture er floating 


locating devices in the upper half of the fixture. This 
design 1s mecessary so as to insure the correct joint 
thickness in the shortest period of brazing heat Chere 
is no set formula which I can offer you in designing these 


fixtures. Your needs and requirement 


and the fixtures then developed to meet these requir 
ments. tlaborate, expensive and costly fixtures ar¢ 
not necessary, but, as mentioned before, they must be 
accurate, universal and constructed of good, well-selected 
materials. 

I believe I have covered the subject assigned to me as 
best I can, but wish to assure you that more detailed 


information can be brought out through the discussion 
and question period which it is my understanding to 
follow. t Tractor Works! 


Phey said it could not be done a 
You may at first feel that it cannot be done in your plant 


iS 


Do not become discouraged! Try again! We have 
done it and you can do it, too! 
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The Job Shop— 
Yesterday 
and Tomorrow 


By Fred W. Shackleton’ 


ACK in the late 1890's, a couple of Russians ob- 

tained one of the first known patents on arc 

welding. From then until the outbreak of the 
first World War, very little was heard of this process 
generally and still less in available reference books of 
that day, although some advancement was being made 
with oxyacetylene welding. It was after the close of the 
first World War that welding started to make progress 
enough to come to the attention of the man on the street. 
Structural steel shops could be induced to furnish some 
partially welded sections; storage tank shops were coming 
into existence; and here and there a job welding shop 
opened for business. 

In those times the greatest percentage of maintenance 
work was entirely on castings—castings of a low grade 
or unknown analysis. We were furnished welding wire 
of unknown composition and far from being uniform. 
Occasional welding jobs that were brought to us had been 
originally designed for casting or fabrication by riveting. 
Our greatest trouble was the secretive manner in which 
many shops operated. Numerous operators made it 
standard practice to apply for, and invariably obtain, 
patents covering every difficult job they successfully 
repaired. 

Others, on finding new ways of using welding and de- 
veloping what might be called ‘“‘procedure control,” 
adopted a “‘closed door’ policy, all of which seriously re- 
tarded progress. 

Still, with all of this, it was the maintenance welder 
whose willingness to try new things made himself the 
proving grounds for the welding procedures of today. 

Today we find the job shop still exploiting new fields, 
experimenting with new processes and applying new pro- 
cedures in every field of endeavor. It would be impossible 
to determine how many thousands of war machines these 
shops have kept in operation. In our shop alone we had 
two 4-men crews work around the clock for a 5-week 
period to put back into operation eleven heavy-duty 
presses that were being used in the forming of our very 

* Presented at the Annual Meeting, A.W.S., Chicago, Ill., Oct. 18 to 21 


1943 
t Central Ohio Welding Co., Columbus, Ohio 


Fig. 1—Flame Cleaning Operation 


Fig. 2—-Example of Special Typ2 Tank Which Is Welded 
in the Job Shop 
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popular block buster aerial bomb. It gave us a feeling 
of personal pride to see the production lines keep rollir 
and read in our local newspapers of the final results of 
our efforts. It would be interesting to know how ma 
tons of high-speed and alloy steels the job shops 
saved with their hard-facing procedures and silver solder 
ing. Breakage was so high on special cutting tool 
in this area that in our shop we were forced to school on 
of our men and set aside a special corner for him to w 
on reclaiming broaches, milling cutters, reamers and 
fact, just about every cutting tool used in a machine sh 

Along with this exhilaration of maintenance work w 
are also confronted with the necessity of doing prod 
tion welding—in our minds, mass production. When 
operator for thirty years has been accustomed to doi 
one-time jobs day in and day out, an order for one hu 
dred identical units is quite an item, and when th 
quantity passes five hundred units, it becomes mas 
production to him! We had one job that the larg 
production plants turned down due to insufficient quar 
tity, but kept eight local job shops busy for a 6-m 
period. Through our neck of the woods job shops ar 
busy making aircraft fixtures, assembly jigs, taking 
the overflow of weldments of the larger manufactur 
around town and, in cooperation with the various Arn 
Depots in the area, reworking ordnance stocks on hai 
correcting past mistakes, and changing ordnance units t 
meet new conditions being encountered by our met 
across the sea. This has increased the over-all capaci! 
of our local shops. This brings me to the point of 
paring a little postwar planning. 

Not only have the job maintenance shops incré 


their capacity by the installation of extra equipment! 


the same thing holds true of every manufacturer 
lines of business have installed new machinery; machi 
ery made better, operating faster, than any we have |! 
before; which leaves one fact standing out that wher 
return to normal it will be the older style trouble-ma 
equipment that will be discarded in favor of the n 
late model machines. Machinery purchased in t 
future will undoubtedly be made still lighter and of 
higher production capacity by the use of high alloy stee! 
and more welded construction. All of this will result 1 
drastic reduction in the over-all amount of mainten 
work available, making it that much harder for the ope! 
tor to maintain his accustomed volume of business 
With this condition confronting us it will be necessat 
to develop new fields. Of these fields in which our sh 
will have the greatest opportunities for development 
smart operator will find much to do in the building of 
shaped tanks, of which there are seldom more than 
or two of a type, thereby eliminating competition 
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bearings, spraying crank shafts, automotive parts, and 
spraying of non-ferrous coatings on tanks, piping and 
outside structures, to help prevent atmospheric corro 
sion. Quite a bit of this corrosion preventive is now be 
ing done instead of normal procedure of paintin 


g 
Possibly the most important source of business to- 
morrow will be flame cutting. Hand cutting as used in 
salvage operation would be one phase, but flame machine 
cutting offers the greatest possibiliti Che exhilarated 
progress that we have all gone through today has brought 


Fig. 3—Pantograph Machine Cutting 14 In. Thick King Pins 


standard tank manufacturers. With the aid of a good “a 


boiler maker and a set of rolls no tank shape is too intri- ie: 


te for an ordinary job shop to produce. 

Flame cleaning and flame hardening which require 
ry little equipment are two fields of which the surface 
1 hardly scratched. Flame cleaning of structures 

round town, bridges, viaducts, fire escapes and others, Fig. 4—Special Welded Assembly Fixture 

should prove interesting and profitable work. The pos- 

sibilities of flame hardening are practically unlimited. 

We have done considerable work in flame hardening of to the attention of machinery manufacturers, machine 


( 


gear teeth, wearing pads on machine bases, pump sec- shops and die makers the importance of flame machine 
tions, rolling stock parts on railroad equipment and _ cutting and flame machining never befor nd the 
sectional hardening of stamping dies. job shop of tomorrow without a pantograph type cutting 
Metal spraying 1s quite an old process and yet a new machine is going to be about as bad off as the shop of 
process inasmuch as very little effort has been made to yesterday without a gas engine driven arc welder Che 
levelop this to a point of where it should be. Metal field is unlimited to no uncertain degree—the cutting of 
spraying of its own is of such a diversified nature that dies; die blocks, cutting of gears and gear blan! truc 
very few manufacturers could actually warrant the instal- tural shapes, the substitution of forgings, the cutting of 


lation ol thei own equipment. Quite a bit ol this type plate for ust in repl icement of castings, and many others 
| work can be had in building up shafts, resurfacing too numerous to mention. 


the clearance tolerance is practically nil Che maximum 


Welding Copper to Steel as Serpe n —_ be held and could only be accom- 
plished by arc welding 
Saves Critical Metals 


By Alfred A. Wald { 


“YOPPER, being one of our most critical metals, 
was held to a minimum use in building this 
chrome plating rack by welding steel (S.A.E. 

1020) to the copper hooks with copper electrodes. 
It was necessary that the hooks themselves be of electro 
lytic copper as they rest on the work bars in the plating 

KS and must make perfect contact as the electricity f 

sses through it to the work in the plating operation. } 

The racks carry a heavy machine part that fits these 
pins in the rack and the pins must be held very close as 


- An award winner in Hobart’s Arc Welding News Contest, sponsored by 
‘he Hobart Brothers Co., Troy, Ohio 
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Quality Control in Aircraft Spotwelding 


By Nathan C. Clark’ 


Summary 


HIS paper is a review of the steps that may be 
taken to assure the highest quality of spot-weld 
production in the aircraft industry. Several 
terms are defined in order to preclude ambiguity in the 
body of the article. It is shown that of the various pro- 
cedures considered, the practical solution to. the prob- 
lem of quality control of spot-welding production in- 
volves three basic requirements. These are (1) stand- 
ardization of the equipment and process; (2) the appli- 
cation of statistical control; and (3) monitoring of the 
spot-welding machines or non-destructive testing of the 
finished product. The sections on spot-welding ma- 
chines are devoted mainly to the stored-energy types of 
equipment. The features of spot-welding machines 
most in need of standardization are the controls of (1) 
energy delivered to the weld; (2) electrode current wave 
shape; (3) the amount of electrode force; (4) forge time 
delay, if used; and (5) the shape, surface condition and 
life of the electrode tips, although some attention is also 
given to other matters of standardization. Statistical 
control, based on the sampling of production and sub- 
sequent analysis and prediction of quality, can be used 
to advantage in a number of ways: measuring the qual- 
ity of the product, predicting trouble before it occurs, 
assuring optimum machine performance and the develop- 
ing of the most economical specifications for the spot- 
welding process. The difference between monitoring 
and non-destructive testing is explained, and several 
proposed methods of accomplishing each of these are 
discussed. It is then shown that even the best possible 
standardization is only a close approach to perfection, 
and therefore that at least slight variations are certain to 
occur. It follows that statistical control is essential for 
the maintenance of high consistency and adequate 
strength of spot welds, and as a means of fairly measuring 
the quality of production, and that monitoring is re- 
quired for positive proof of the strength of individual 
spot welds as they are produced. 
An appendix is attached explaining the meanings of 
certain statistical parameters as applied to quality 
measurements of spot-weld production. 


Introduction 


The spot welding of the light alloys is a relatively new 
industrial process. Its use has expanded rapidly in the 
last few years, but is limited by the lack of positive 
assurance that every individual weld has adequate 
strength. Especially is this true where essential parts 
of the aircraft structure are involved. The object of the 
present paper is to present a review of the steps that may 
be taken to improve the quality of spot-weld production 
in the aircraft industry. The ultimate objective of such 
an improvement is to make possible the use of spot 


* Presented at the Annual Meeting, A.W.S., Chicago, IIl., Oct 
1943 
t Senior Research Engineer, Lockheed Aircraft Corp., 


18 to 21, 


Burbank, Calif. 


welding in aircraft structural parts with full confid 
that all necessary requirements of safe design will be met 

It is not the intention of this article to compar: 
relative merits of various joining methods or of different 
kinds of spot-welding machines. It is unavoidable, h 
ever, that certain characteristics of machines now 
general use be mentioned in the course of discussing 
specific requirements of quality control. Owing t 
problems of power supply, the stored energy types 
machines are coming into widespread use; hence n 
of the detailed discussion in this paper will allude to 
machines. 

Most of the opinions and factual data given in 
paper are based on tests and analyses made in the R: 
search Laboratory and the production shops of th 
Lockheed Aircraft Corp. 


Definitions of Terms 


In order to minimize misunderstandings and 
biguity, several terms will be defined according t 
meanings intended for them in this paper. 

1. Quality—From the standpoint of structural 
sign of airplanes, interest in spot welding lies chief 
the strength and consistency' of the spot-welded joint 
and in the absence of detrimental factors such as cr 
distortion and poor surface condition. Because of th 
and also because it is difficult to assign numerical valu 
or demerits to most of the detrimental factors whic! 
occur in spot welding, quality will be assumed to nx 
the strength and consistency of the spot-welded joint 

Good consistency is desirable not only to minimize 
probability of occurrence of occasional weak welds, 
also as an indication that all factors in the spot-w 
process are functioning properly. Poor consistency 
the first indication of incipient trouble which may later 
become serious. 

2. Control, according to Webster, means 
exercise a directing or governing influence, to re; 
late. ’’ In various branches of industrial acti 
this word has different meanings. In this paper co? 
refers to a total process, including the handling 
preparation of the material, operation and mainten 
of the equipment, methods of sampling and analy 
of the production output, the use to be made of 
analyses and the employment of non-destructive testing 
and monitoring. 

3. Quality Control is therefore a total proces: 
means of which satisfactory strength and consisten 
spot-welded joints* may be achieved. 

4. Statistical Control (or Regulation) refers to a p! 
ess whereby the output of any machine is sampk 
periodic intervals, the results analyzed with refer 
to previous data and a decision made as to whet 
current performance is acceptable. Note that the t 
has a much more limited significance than the br 


! The term “consistency” refers to the uniformity of shear strength 
various welds in a group It has commonly been expressed in terms 
range between maximum and minimum values but is more accurately 
sented by the effective deviation from average, as calculated by stat 
methods. (See Appendix for detailed explanation.) 

2 See Appendix for discussion of strength and consistency measureme! 
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are 


quality control’ previously defined. The latter 
nclude statistical control as one of its features. 
Standardization is that process of machine modi- 
1 and maintenance which makes it possible to (a) 

equal quality of production from any given 
ne every time it is set up the same way, and (0 
different machines in the same shop to give th 
juality of output. 


The Basic Requirements of Practical Quality Control 


basic requirements of practical quality control are 
nined by the nature of the spot weld itself. A spot 
is capable of carrying a heavy load in shear when 
properly made and used, and its low cost and high 
duction rate give it additional value as a design fea- 
ire in the manufacture of airframes. However, it is 
pletely hidden from view, and its size, shape and 
properties are determined by factors that fre- 
ntly are not under complete control. The result is 
ilthough the average strength is easily set at any 
ible value by simple machine adjustment, and 
igh most of the welds in any large group may have 
neths fairly close to this average value, occasional 
produced that are much stronger or much 
ker. The very strong ones probably do no harm, 
the weak ones may seriously impair the joint, and 
rthermore may be in violation of the customers’ re- 
uirements or the assumptions used in structural de- 
[In particular, it is feared by some designers that 
weak weld in a compression panel might give way under 
kling stresses and start progressive failure 
A number of things might be done to assure maximum 
eld quality. One would be to modify the machines, 
iterial and process so as to yield perfect consistency. 
spot-welding machine would be adjusted to 


weld w 


make 
th adequate strength and with all other pro 
Then all subsequent welds woul 
like the first one and perfection would be 
d. But neither science nor industry has dis- 
red how to obtain such ideal consistency. 
cond method would be to exert the maxiroum 
ible care in selecting the material, preparing the 
rlace and setting up the machine, and then 
ructively test each individual weld for positive 
irance of quality and detection of the occasional 
erior ones. Unfortunately this method is impossible, 
r the present at least, because to this date there is no 
itive non-destructive test method available, in spite 
msiderable research that has been done along this 


ties satislactory. 


course, be 


noti- 


(he method that seems economically feasible and 
ractically possible consists of the following three steps: 


Standardization of the equipment and process 
within reasonable limits. 

Regulation of the setup and use of the spot-welding 
machines by a method based on statistic 
predictions. 

Monitoring of the individual machines, to detect 
the occasional weak welds whose occurrence 
cannot be prevented by standardization and 
regulation. 


How to Realize the Basic Requirements 


‘he three basic requirements of quality control will 
be explained in the order in which they can most 
y be applied to most production shops. 


A) Standardization Requirements 

Chere are in existence, in nearly every shop, a number 
of independent variables affecting spot-weld productio 
quality. As these are minimized or eliminated, tm 
proved quality is to be expected One of these is the 
cut-and-try method used in setting up the spot-weld 
machines The use of standardized settings would 
eliminate this unpredictable variable, would mal 
possible the employment of less highly trained and skilled 
operators and would permit the operator to use the best 
possible combination of machine adjustments. Thi 
method of operation, however, can be used only after 
the machines themselves have been standardized and 


calibrated. 

rhe essential requirements of standardizati 
welding machines are as follows: 

1. All similar machines must be supplied with « 
brations of the important features, such as electrode 
force, stored energy (or, preferably, delivered ener 
and forge time delay, I 
tions can be obtained at different times and on different 
machines. 

2. Different machines of the same type and model 


so that ec 


should be modified to have similar performance char 
acteristics, if possible. Attention is called to the fact 
that absolute equality of calibration is not ni sary, but 
that similarity of performance is desirable and that 
accurate calibration is essential. 

3. Mechanical and electrical maint e, and per 
haps modification, must be supplied so that calibrati 
will remain nearly constant over a long enough period 
to make standardized operation economical. 

} [In so far as possible, the instruments and relays 
that are used to control energy, time interval d el 
trode force should control these actual quantities 
rather than other values that are inaccurate measur 
of them. For example, the best relay to to contr 
the energy stored in an electromagnetic type of stored 
energy spot-welding machine we 1 be vl r 
sponds to actual energy stored, rather tl to a current 
which is presumed to store a cert ene 
per ampere, but actually does so v t 
ary resistance and primary voltage are « tly fixe 

The details of equipment standard tion depend 
upon the number, types and models of machines in thx 
shop and the test equipment availabl J following 
outline is intended to explain the requirements, rathes 


than how to accomplish them. 


1. Material.—Material handling and inspection must 
be executed with some understanding of the effect of 
surface condition on weldability. In spot welding, the 


Weiainy 


between 


heat of fusion is supplied by the passage of th 
current through the re 
the electrodes. A 


the material 
+} 


sistance of 


part of this resistance, in the 


large 


case of the light alloys, is at the surfaces of the material 
rhe surface preparation process and machine character 
istics can compensate for or eliminate the effect of a 
reasonable variation in surface condition, but they ca 

not neutralize the effect of the use of the wr laterial 
or of deep scratches, excessive suriace irre¢ Lit T 


poor fit of the parts as they reach the ma 
Therefore, inspection must be maintain 
the use of foreign or damaged material 
handling prior to spot welding must be don 
cient care to permit welding to be satisfactory, and it is 
the responsibility of the welding department to refuse 
material which obviously cannot be satisfactorily welded 
2. Surface Prepara The method {f surface 


preparation, if any, can be divided 


into thr 


irement agencies do not permit tl ise of cut- 


till allow this proced 


+ Some customers or pro 


and-try setups, but others 
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classes: (a) removal of dirt and grease by use of cleans- 
ing solutions; (b) chemical etching; and (c) mechani- 
cal removal of surface film, such as by scrubbing with 
metal wool or wire brushing. Selection of the surface 
preparation method must be made with consideration of 
the kind of spot-welding equipment and the material 
being used. Steel requires little if any preparation, while 
aluminum alloys must be prepared with considerable 
care. Material to be spot welded in machines in which 
the amount of energy stored depends partially on the 
surface condition must be more carefully prepared than 
if the energy storage were independent of the condition 
of the material prior to welding. 

Thus, no single method of surface preparation can 
be specified as being the best for application to all 
shops. It is probably apparent, however, that once a 
method has been adopted, it should be tested and 
checked frequently. Successive checks should be made 
and recorded at shorter intervals than the minimum time 
usually required for the method to vary seriously from 
its normal, so that a trend toward unsatisfactory prepa- 
ration can be corrected before conditions get out of 
control or parts must be rejected. 

Cleaning and etching solutions should be kept at the 
right concentration and temperature. Available records 
or experimentation will give the permissible tolerance 
in the variation of these quantities. The time of im- 
mersion should be controlled by a clock or other timing 
device and, for solutions used at elevated temperature, 
should be established for each of several temperatures 
near the optimum, so that allowance may be made cor- 
rectly for slight variations in temperature caused by 
loading and unloading the bath. 

3. Machine Setup.—The determination of the opti- 
mum machine setup depends upon the adjustment, 
calibration and maintenance of the machines. This 
is because the making of a good weld requires that both 
electr'cal energy and physical pressure be supplied in the 
right amount and at the right time.* A complete or 
“ideal” machine set-up specification would state (a) the 
energy to be delivered to the weld; (b) the current wave 
shape; (c) the electrode force during the formation of 
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Fig. 1—Relationship of Spot-Weld Shear-Strength to Weld- 
Forming Energy 


50 THE WELDING JOURNAL 


ised, if 
Net energy stored (0.040 24 ST Alclad wwe Ais 
1600 joules (/OO% materia/) 
Transformer iron losses 

50 joules (3./%) tors. C 
nstant 

Energy delivered Transtormer copper loss specitica 
to electrodes [50 joules (9.4%) lishing 
First, 
/400 joules (87%) should t 
001 to 
| Energy consumed a er 

| between the electrodes 

| after the weld is farmed © possibl 
| (Prevents the weld from 
cooling too quickly. ) pais 

1200 joules (75%) Fourt 
Electrode-to-sheet contact loss ter of st 

150 joules (9.4%) supply 

Energy used to melt the weld nugget riftl 


50 joules (3.1%) 


Fig. 2—Distribution of Energy Flow in Making a Snot Ws Sixth 
a Stored Energy Machine inequalt 
tr 
the weld; (d) the amount of forge time delay us solved I 
if any; (e) the electrode force during the per wae ae 
forging; (f) the rate of change of force from the wel uC ; 
to the forging values; and (g) the size, shape, m oo 
and cooling of the electrodes. Because of p1 na = 
consideration, however, a few of these can be specifi P — 
directly. 
(a) Energy: The relationship between weld-formin; re 
energy and shear strength is shown in Fig. 1 From tl reek. ws 
it is obvious that high consistency of weld strengt ere 
quires uniform consumption of energy. There appear Pua 
to be no means yet available for controlling directh bangs 
amount of energy consumed in forming the weld, but it — 
probably apparent that the first step in obtaining a S 
form energy consumption is to assure uniform e! ; 
storage from weld to weld. A graphical represent TI : 


of the energy relations in a stored-energy spot-w: 
machine is shown in Fig. 2. When the magnitud: 
weld-forming energy is compared with that of tl 
energy stored, it is seen that there is little hops 
formity in the former if the latter be inconsistent. 
1. For electromagnetic stored-energy machine: 
currently available, the net energy delivered to the wv 
is less than the stored energy by 30 to 80%, due t 
heat loss in the current-interrupting equipment 
energy stored in the transformer up to the instant ot 
charge depends upon the square of the primary chargin; € 
current and on the equivalent inductance of the mac! 
which is determined by the two transformer wi! 
the core, the external secondary circuit and the imp 
ance of the material between the electrodes. Th 
dominant variables are normally the current, wih 
operates the “current relay,’’ and the resistance betw 
the electrodes, which is highly variable and of appr the 
able magnitude. The specification of energy |! m 
machines should therefore, theoretically, be give 
terms of the surface resistance or preparation, the 
former turn ratio and air gap length, the resistance b 
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sed, if any, the setting of the current relay in the pri- 
circuit, the normal delay time between operation of 
the current relay and actual interruption of the primary 
urrent, and the rate of growth of current during this 
tter interval. Such a specification would be both 
ane ictical for shop use and unintelligible to most opera 
tors. Certain of these variables can be made nearly 
nstant, or fully dependent on others, so that the energy 
necification can be simplified. The means of accom 
nlishing this are as follows: 
First, the interrupting time of the primary breakers 
should be adjusted to an optimum value, approximately 
to 0.02 sec., and then carefully maintained at that 
ilue within a range of not more than 0.003 sec. 
Second, the surface preparation should be standard 
ved and regularly checked as previously described. 
hird, the delay in operation of the breakers after 
pping of the current relay should be made as short as 
nossible consistent with economical maintenance. say, 
ipproximately 0.03 to 0.04 sec., and then rigidly main- 
tained at this value within a range of not more than 0.01 
Fourth, the rate of growth of current should be ke pt 
under control by maintaining good voltage regulation 
it the terminals of the welding machine. This is a mat- 
of selection, maintenance and location of the power 
upply and rectifier equipment and of adequate bus 
e and attention to contact voltage drops along the 
Fifth, the resistance blocks for each welding job should 
be spe ified directly. 
Sixth, variations in equivalent inductance caused by 
qualities in number of turns or air gap lengths in the 
main transformers of different machines might be re- 
solved by the use of calibration charts derived from tests 
with all other quantities under control as just described. 
h a chart, for any one machine, would simply be a 
two-column tabulation of stored energy and current 
setting for normal conditions. It would be subject 
error due to high-contact resistance between the 
electrodes, but this is a condition whose seriousness could 
reduced to a minimum by careful attention to sur- 
ce preparation. The current relays, like all other 
ical instruments, should be standardized and inter- 
hangeable rhis is simply a matter of establishing 
standard air gaps and spring tension, and then maintain- 
these values on all current relays in the shop by 
neans of periodic check calibrations. 
seventh, the size, shape, material and cooling of the 
lectrodes should be spe cified directly. 
(hus an energy specification for an electromagnetic 
red-energy spot welder might have a form similar to 
he fe llowing « xample: 


Breaker interrupting time, 0.014 seconds. 


sreaker delay time, 0.035 seconds. 


Surface preparation (according to shop stand- 
irds 
D-c line voltage at welder, 130 volts, + 
V.max. variation. 
é Resistance blocks, Nos. 5 and 6 


Curre! t relay set at value to give 130 ioules 
as per calibration chart. 
upper electrode 3 in. diam. X 3 in. R. 


lower electrode lin. diam. X 10 in. R. 


_O! these items, only (e), f) and (g) would be set by 
the operator, and they would be in approximate « 
ormity with previously established standard set-up 
‘ata. The other items would be the responsibility of 


“gineering or maintenance groups. 
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It should be possible to build a true energy relay 
which would initiate the interruption of the primary 
circuit when the stored energy reaches a predetermined 


| 


value. Until such a device is commercia itlable, 


however, the methods described above will probably 


suffice. 

ai For electrostatic stored energy condenser dis- 
charge) machines, nearly all the energy stored is de- 
livered into the welding circuit, but, as in all spot- 
welding machines, only a small part of this is used in 
actually forming the weld The ratio of weld-formi 
energy to total consumed energy depends largely on 
the current wave shape, so that if the latter is ¢ trolled, 
as will be described later, equal amounts of weld-forming 
energy may be obtained by storing uniform amounts 
in the condenser bank. The amount of eners tored de 
pends upon the capacitance connected and th square of 
the voltage to which it is charged. It does not depend 
on the equivalent impedance of the transformer, and is 
therefore independent of surface condition of the ma- 
terial between the electrodes. The specification of 
energy for such a machine should therefore be given in 
terms of the capacity (microfarads) and voltage setup 
on the machine. Errors in calibration of these two 
quantities must be kept within reasonable limits. 


The cap icity should be within oY, of the tated value -. 
but since it does not v iry from time to time, errors can 


be compensated for by use of a calibration chart, tabu- 
lating stored energy and voltage for each « ipacitance 
step provided on the machine. The voltage is usually 
controlled by manual setting of some standard type of 
voltage regulator, and checked with a voltmeter mounted 
on the control panel of the welding machine Occasional 


checking with standard test equipment will detect 
errors 1 Recalibration or adjustment 
should be made when the voltmeter or regulator develops 
an error in excess of 5% of rated value. 

(b) Current Wave 
and physical theory indicate that the wave shape of the 
electrode current, especially during thi period of current 
increase, is as important as the amount of total de 


1 these devices. 


ave Shape: Both experimental tests 


livered energy in determining the size of the weld nugget 
The reason for this is that, for the light metal allovs 
the weld ceases to grow at the end of about 0.01 se 
after the welding discharge commences, because at 
about that instant the rate of heat conduction 

from the weld becomes equal to or greater than the rate 


of heat production by the passage of the current through 
the weld 


In electromagnetic spot weiders, the wav hape of 
electrode current during the period of increase is detet 
mined almost completely by the time-spacing of th« 
opening of the primary circuit breakers, and by the 
values of resistance shunted across these breaker It 
is therefore of utmost importance that the breake1 ope 
in the correct total amount of time, in the right quenc 
ind with the correct time spacings This 7 
stitutes the most difficult problem in t untenancs 
and setup of this type of machine, for it is obviously 
difficult to maintain the operating speed of each of four 
or more heavy mechanical contractors to within 0.002 se« 
It therefore follows that careful adjustment and n 
tenance of the breakers is essential. Attention is called 
to one fact that is frequently overlooked: the breakers 
must not only open with approximately equal time 

tee ome ie en 
t! the weld n th ‘ 
h rvi to pre t 
hin ti 
an nt att | 
Lle iand, Whi er 440 
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spacings, but the entire time of interruption, from the 
opening of the first to the opening of the last breaker, 
must be adjusted to the optimum amount. Failure to 
observe this precaution may cause spitting, tip pickup, 
‘“donut’’-shaped nuggets or weak or inconsistent shear 
strength. The breaker adjustment recommended under 
the heading of ‘‘energy’’ will be satisfactory for wave 
shape control during the period that the electrode current 
is increasing. 

Wave shape during the dying or attenuated period 
is determined solely by the electrical parameters of the 
secondary circuit—its total resistance and inductance. 
It is neither likely to change from time to time, nor sub 
ject to ready adjustment If the right resistance blocks 
are used the wave shape of this part of the circuit may 
safely be neglected. 

The current wave shape in electrostatic machines is 
determined solely by the electrical parameters of the 
primary and secondary circuits—the resistances, in- 
ductances, coefficient of coupling, the transformer core 
loss and turn ratio and the amount of capacitance 
used in storing the energy. Of these factors, the only 
ones under direct control are the turn ratio and capaci- 
tance. Fora given amount of energy and capacitance, 
a higher ratio of primary to secondary turns produces a 
flatter wave shape of electrode current. For a given 
energy and turn ration, a greater capacitance will pro- 
duce a flatter wave shape. If the turn ratio is not ad- 
justable some control of wave shape can be obtained 
by varying the ratio of voltage to capacitance; for a 
given energy, the greater the capacitance the less will 
be the voltage and the flatter will be the wave shape of 
electrode current. 

As in the case of the electromagnetic machines, the 
current wave shape during the first 0.01 to 0.02 sec. after 
the start of flow of the welding current is of considerable 
importance. The machine set-up chart should therefore 
carry a combination of voltage and capacitance that will 
give the desired energy, and also a combination of ca- 
pacitance and turn ratio that will give the optimum sharp- 
ness of electrode current wave shape. These values 
must be determined by careful and thorough test for each 
size of machine and combination of materials, although 
this work will probably turn out to be simpler than this 
outline may make it appear at first. 

(c) Electrode Force: The production of the optimum 
umount of force at the electrode tips is a purely me- 
chanical problem. The over-all system should be free of 
friction and inertia effects, the sliding and rolling parts 
should move freely but without lateral play and the 
pressure regulator valves should be kept clean and in 
good repair. Periodic recalibrations will permit the 
detection of unsatisfactory mechanical conditions and, 
if posted on the machine, will assist the operator in ob- 
taining the prescribed standard machine setup. 

As the weld is formed, the molten metal tends to flow 
away due to the pressure caused by the electrode, and as 
the weld cools it contracts. In order to consolidate the 
weld properly under these conditions, it is necessary that 
the electrode follow the work with adequate force, and 
therefore that friction and inertia be kept to an irredu- 
cible minimum. 

(d) Forge Time Control: It is common practice, in the 
spot welding of most of the light alloy sheet materials, 
to use a variable electrode force during the welding 
operation. The optimum value of force during the time 
of weld formation, referred to as the ‘‘welding force,”’ is 
usually too low to assure proper consolidation of the weld 
nugget and prevent cracking as it cools, and so the force 
is increased to a larger or ‘‘forging’’ value soon after the 
welding current starts to flow. The time interval be- 
tween the beginning of the current discharge and the 
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Fig. 3—Effect of Varying the Forge Timing 


initiation of the increase in force is called the ‘“‘forg: 
delay.’’ If the forging force comes in too late it is 
avail, and cracked welds may be pri duced. If it 

early, the effective welding force is increased and 
weld strength and consistency are reduced. The 

tionship between forge time delay, strength and 
sistency for spot welding of 24ST Alclad material | 
on actual tests is shown in Fig. 3. It is to be not 


this figure that the optimum delay varies with mate: 


thickness, but is in the region of from 0.05 to 0.1 
for those gages for which data are available. 

In some machines the forge time delay is determ: 
by a more or less fortuitous combination of the tin 
of relays, contactors and valves. Usually the te: 
in such machines is for the forging action to come 1 
early, although a sluggish electrovalve may somett 
make it too late, as well as erratic. Other ma 
are provided with slightly more positive time 
of forging, and some are equipped with accurat 
tronic time relays. There is probably no time int 
in the spot-welding cycle that is so critical as forg: 
delay. Every machine intended for use in high-q 


welding should be equipped with positive control ot | 


feature, preferably by electronic means becaus 
fast, consistent, positive action. The timing 
should be connected so that it starts its time m« 
ment from the actual weld-current discharge, o1 
relay or tube that initiates this discharge. It shou 
be initiated at the commencement of energy 
because the forge time delay is very small in comp 
to the relatively long period of storing up the energy 
it would be impossible to obtain the required act 
and consistency of timing. As can be seen from 
the forge time relay should be adjustable over the 
of 0.05 to 0.12 sec., met forge delay, including th« 
ing time of the electrovalve and all intermediate 
Variations in forge time delay of as much as 0). 
can be permitted, but the timer relay, being only 
of the chain of equipment producing the total 
should be consistent within about 0.01 sec. ma 
range for a given setting. 

(e) Hold Time: The amount of time thro 
which the forging force is held on the electrode 1s 1 
to as the “hold time.’ The magnitude and con 
of this quantity are probably not of great impor 
although the total hold time does have some 11! 
on weld quality. If the electrode is raised to 
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Fig. 4—-Timer Calibration Curves 


cts as a switch to interrupt the tail of the welding 
urrent discharge, causing local heating, tip pickup and 
short tip life. If the hold time is reduced still further, 
t may prevent complete forging of the weld, and crack- 
y occur. If the electrode force is maintained 
nger than necessary, it will slow down the operation 
ind impair production. 
[hus it is seen that the hold time should be adjusted 
the minimum value that will not produce excessive 
), as can be determined experimentally. There 
iber of timer relays, some electronic and some 
mechanical, that are satisfactory for control of this 
iture. Attention is called to the fact, however, that 
some timers have been used that had poor calibration 
urves. Curves such as are shown in Fig. 4 (a), or 


t (0) are unsatisfactory; an ideal curve is shown in Fig. 


f the machine 


f) Off Time and Squeeze Time Before Welding: These 
vals are important only as they affect the speed of 
uction or the ability of the operator to move the 
vork ahead and properly locate the welds. The only 
ntion that need be given to off time is that the con 
lave sufficient range and that it be reasonably con- 
sistent so as not to distract the operator. Squeeze time 
lore welding probably serves no useful purpose in spot 
elding, and may be reduced to the minimum. 
Electrode Tips: The condition of the electrode 
tips can seriously affect the quality and rate of welding. 
if the electrode face temperature rises, pickup is in- 
reased and the time between cleanings is reduced. Such 
ndition may be caused by inadequate coolant flow, 
0 high a coolant temperature, dirty material or action 
| the electrode as a current switch’ with resultant arcing 
5 it leaves the work although the latter is almost never 
ible. Skidding of the electrodes, due to excessive de- 
‘tion of the arms of the machine, may also increase tip 
KUp 
lhe shape of the electrode face, as well as the total 
ce, determines the area of contact on the outside of 


+ 


} 
* uy ies particularly to the electromagnetic machines, since the 
atte tior 
“4uadon of current in a circuit containing only resistance and inductance 
€ so ray id as one in which capacitance makes critical damping possible. 
ap records show that current interruptions at the electrode are 
1 y as great as 1000 amp 
In electror 


nagnetic machines, see discussion under “‘Hold Time.” 


the sheet, and therefore the net unit pressure in the weld 
metal. It also determines the rate of spread of force 
through the material being welded, and therefore affects 
the distribution of resistance, welding current and heat, 
as well as heat conduction away from the weld area 
Thus, improp r face sh ipe can be re po! ible for poor 
weld shape in plan or section, or for excessive penetra 


tion or indentation Such conditions are usuallv ac 
compani d by poor consistency of shear strength 


The maintenance of electrode face curvature is a 
problem deserving serious consideratio1 Che 
curvature is large compared to the diameter of the face 
and the usual tip dressing methods tend to dest 
accuracy of the curvature at least as rapidly as the use of 
the electrode in welding. Usually the spot-welding 
operator has neither the training nor the equipment r 
quired to reface the electrode tip properly 

One solution to this problem is to change tips at fixed 
time intervals, or after every certain number of welds 
have been made. ‘To make this system produce results 
the removed electrodes should be checked at some cen 
tral station, and refaced and refinished, if required, by a 
trained employee using equipment designed for this 


purpose. Coincidental to this is the matter of educating 
the operators to change the electrodes according t 
schedule, especially where there is much emphasis o1 


producing the maximum number of welds per shiit 
Another solution would be to employ a tip-surfacit 

device as part of the equipment of the spot-weldin 

machine. This would automatically retain the correct 

shape on the electrode 


tion Based on Statistical Methods 


The word regulation as used in this paper is synony- 


mous with statistical control, and refers to any process, su- 
pervisory or inspectional, whereby the continuance of the 
use of any machine setup depends upon the finds of 
the most recent sampling of that machine’s production.” 

Statistical control has three prime objectives: to 
reduce the number of rejections and macuine shut 


downs due to poor performance; (2) to assist in estab 

lishing the optimum specification limits of satisfactory 
g | 

quality; and (3) to provide a reaso | 

of actual production quality. W 
; ved, the net prod 


hen these objectives 
are finally achi uction will have been 
improved because of greater quantity, lower costs and 
better quality. 

The basic principles of statistical control have been 
thoroughly worked out and are described in numerous 
references.'! Briefly these principles 


1. To select samples of actual production and test 
them for conformance to specificatio1 

2. To estimate the probable quality, or conformance, 
of all production by analysis of the samples 

3. To predict the future quality by considering the 


trend of past and present quality 


Che methods of sampling, of extracting data from the 


samples and of arriving at a decision as to whether to 
permit further use of the machine setup that produced 
the sample constitute the regulatory stysten There is 
almost no limit to the number of such systen iat could 
Statistical Control as explained under the headi Definition of 

Ter 

4 trol arts and stati ul contr method j mn more 
detail i I f wi ref r 

l I ‘ Ma ati a { mon, par 
ticularly p. 188 

9 iM i1 parti arly 
Supplement B, p. 47 

Jualit 4. Bennett a T 4 fi 

‘4 7 7 
d pt p. 17 

} atisti Cont Aircraft Ir y Arthur Pit 
Ds July 13,1 l 

5 lualitw n i I ineer sneering 
Gr.l Fe lar pril 

6) Control Chart Method of Controlling Quality Durir Production,’ 
American War Standard, April 1942 
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be proposed. Each such system would have some mathe- 
matical probability of giving adequate regulation, some 
would be better than others; each would require a par- 
ticular set of conditions to be maintained in the shop. 
One might be capable of very accurate regulation, but be 
too involved or expensive to apply while another might 
be quick and simple to use, but have such poor probable 
accuracy of prediction as to be almost useless as a regula- 
tory system. This may be illustrated by the following 
two fictitious examples: 

At one extreme, System No. 1 might require the 
making of a 100-spot test panel after each setup and at 
the end of each hour thereafter. Such panels could be 
cut up into single specimens, pulled in shear and analyzed 
accurately to determine the average strength and con- 
sistency, and perhaps the base strength of the group.'* 
These latter figures might then be employed as a guide to 
the use of the machine. Such a system would have a 
fairly high probability of accurately measuring the 
quality of spot-weld production, but it would be so 
cumbersome and expensive to operate, and would slow 
down production so much as to be practically impossible 
to use in any production shop. 

At the other extreme, System No. 2 might require the 
making of a single sample spot weld, pulling this in shear, 
and observing the strength. If this shear strength ex- 
ceeded a certain arbitrary minimum value for the ma- 
terial and gage being spot welded, the sample might be 
accepted as proof of satisfactory spot-weld production. 
This process might be repeated after each setup, and 
perhaps once each hour thereafter. (It is assumed in 
this example that each test sample stands by itself—that 
no records or charts are maintained.) Such a system 
would be a poor one, because the probability that the 
single spot would fairly represent all the welds to be 
made during the subsequent hour would be very small, 
and therefore only a low probability of adequate strength 
could be guaranteed. 

These extreme examples lead to the following general 
statements: 

1. Some method of sampling must be used, since 
destructive testing of all production is obviously not 
feasible. 

2. A statistical control system, based on sampling 
and analysis, can predict the probable quality of pro- 
duction. 

3. The accuracy of prediction depends upon the 
system used. 

1, Small samples taken individually are practically 

meaningless, but if they are taken periodically and com- 
pared with each other and with some established stand- 
ard they may be of great value. Incidentally, small 
samples taken frequently probably give a better rep- 
resentation of the quality of production than large sam- 
ples taken at long intervals. 
5. The more the system is expected to do, the more 
expensive it may be to operate. However, although the 
examples do not illustrate it, the benefit to be derived 
from an adequate system usually more than offsets its 
relatively greater operating cost. 

6. Production requirements, shop conditions and the 
provisions of the process and inspection specifications are 
likely to affect greatly the type of system to be used. 

In connection with the selection of the statistical con- 
trol system, it is probably obvious that the smaller the 
number of variables that must be kept under control, and 
the fewer the charts and records that must,be maintained, 


12 The base strength is defined as the average strength of the group less twice 


the standard deviation The standard deviation is the root mean square of becomes excessive, it could be assumed that sometiinly 
the deviations of all the individual strengths Che deviats of any value is ¢ 

that Value and the af the arouse. The seat is not as it should be ; pe rhaps the surface prepara 
cient of variation is 100 times the ratio of the standard deviation to the average 1S inadequate, the forging is coming in too early : 
The range of any group is the difference between the maximum and minimum - : ts . >. . : .. 
values. These terms are further explained and illustrated in the Appendix electrical troubles are responsible. Practice will quick! 
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the faster and more economical will be the functioning 
of the system. This leads immediately to the conclusj 
that the various machines in the shop which are used t 
weld the same or similar materials should themselves be 
qs nearly equal in adjustment and performance as p 
sible. 

Thus, although a complicated system could be adopted 
that would operate over a number of machines wit} 
different and varying characteristics, a much more ec 
nomical system could be used if all the machines wer 
first stabilized and then all the nearly similar mach 
were standardized before applying the statistical contro] 

Procedure in Installing a Statistical Control Systen 
Having first standardized the spot-welding machi 
the installation of the statistical control system might 
as follows: 


()S 


(a) Obvious faults in the process or equipment should 
be corrected. 


} 


(6) The quality of the spot-welding production shoul 
be surveyed by obtaining a representative sample, 
about 100 spot welds, of the output of each machin 
This should first be done on a single gage and materia 
representing the average output of the shop. All m 
chines should be included, and all conditions such 
surface preparation, machine setup and operating p: 
cedure should be in accordance with the tentative s] 
standards. 

(c) The data collected in the shop survey would the: 
be analyzed by some mathematically sound meth 
Either the average strength or the base strength” shoul 
be calculated and used as a measure of strength, and t! 
standard deviation’ or coefficient of variation! cal 
lated as a measure of consistency. The range (difl 
ence between maximum and minimum strengths) 1 
an accurate measure of consistency, although for te 
or fewer spot welds the standard deviation is probab 
no better; however, the initial sampling tests sh 
contain at least 50, and preferably 100 or more, sp 
each. 

(d) Using the results of the general survey, the ne 
step should be to establish maximum and minimu 
allowable values of average strength and range for futu: 
small samples (five to ten spots) from the same machin 
Such allowable values should be derived from a carei 
analysis of the larger body of 50 or 100 samples t 
during the survey, and should be so selected that th 
is a high degree of probability that if a small sample sat: 
fies the imposed conditions, the entire body of welds will 
be of about the same strength and consistency as was t! 
case with the body originally surveyed. Tests w! 
results fall within the limits are then taken as indi 
that the machines have not changed and that the 
therefore still doing acceptable welding. By using 
dimensional units this process might be simplified s 
what, ard if one standard were adopted for the enti 
output of the shop, the system might be further simpli 
fied, requiring only one set of limits of range and ave! 
strength for all machines and gages, and perhaps for 
the commoner materials. 

(e) Control charts'! similar to that shown in F; 
should then be established, and would afford dir 
control of the use of the machines. Any machine w! 
average spotweld shear strength or range falls out 
of the limits on the control chart could reasonabl: 
assumed to be operating differently than when firs! 
tested. A discrepancy in average strength might perh 
call for the recalibration of some instrument or an 
justment of line voltage or other variables. If the rang 
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develop the ability to interpret the control chart in 


terms of maintenance procedure. Experience of one 
urcraft manufacturer using a quality control system 

1s definitely shown that the machines are always 
found to have some operating defect in cases where they 
re shut down due to deviation beyond the control chart 
limits. 

Data obtained from hourly or other regular sam- 
oling would be plotted immediately and would make 
possible a long-time and accurate evaluation of output, 
quality. The number of spots in these samples would 
‘§ course, be much smaller than in the initial 100-spot 
test, but they would be taken so frequently as to make 
ossible the drawing of a continuous quality record. 
rhe trends of average strength and range from sample 
to sample on any machine would be employed as an 
indication of whether trouble is likely to occur, thus 
making it possible to correct faults before they get so 
bad as to interfere with production. This is one of the 
basic objectives of a control system. 

As the results of the system improve the quality 
of production, the number of spots taken in each periodic 
test could be reduced, and the system cost gradually 
decreased to a minimum. 

It should be pointed out, of course, that the outline 
t given for a statistical control system is not complete, 
ind it is only one of a number of systems that could be 
used. The important point of this discussion is that 

me systems based on sound statistical methods be 
as standardization is effected. 

Lest the impression be given that statistical methods 
ire bound up in advanced mathematics and deep mys 
tery, attention is called to the fact that the development 
of the statistical relationship and the numerical values 

f many of the constants (particularly with reference 
o the relation of the small sample to the total group of 
welds) have already been thoroughly worked out and are 
available in standard books on the subject.'' Statis- 
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tical control is a tool to be used where applicable, and its 
derivation is only of academic interest, much like a pre 

cision shop tool which can be used by a machinist with 
out any knowledge of machine design or stress calcula 
tions. 


C) Monitoring 


The coordinated combination of machine standardiza 


tion and statistical control, as previously described, 
would be able to make a predictio {f the probable 
quality of production. It could guarantee that a certain 
large fraction of the welds would probably have the re 

quired strength, but it could not predict when or wher: 
the occasional weak one would occu Che fraction of 
welds that would be satisfactory might be very close to 
unity; the remaining ones might be (but need not nec: 


sarily be) unsatisfactory. 


There are, however, numerous joints in airplane con 
struction for which positive assurance is required that 
each individual joining unit be of adequate strength. 
Examples of these joints are (1) those which employ only 
a small number of spot welds, and (2) rows of welds in 
compression panels subject to buckling loads, where 


the presence of only one weak weld might initiate pro 


rressive latulure. 


g 

The making of a dangerously weak weld in any such 
joint could not be tolerated, and therefore until the 
possibility of this happening is eliminated, it precludes 
the application of spot welding in the design of such 
joints. 

If some type of device could be used which would mea 
ure the strength of each weld as it is made and indicate 
this to the operator or record it on a chart, the hazard 
just described could be eliminated. Such a device is 
called a ‘‘Monitor.”” A spot-weld 1 r would indi 
cate either the strength or thi trengti heation of 


a spot weld immediately after its formation, without 
destruction or impairment of the work, or removing it 
from the machine. 

A number of methods have been tried for determining 
the shear strength of a spot weld without destructiv: 


testing. Those which are based on measurements ob 
tained at the time of welding are referred t 

ing,’’ whereas those which are done at som ibsequent 
time, and usually some other place, are called ‘‘not 

destructive testing.’’ Neither type of strength deter 

mination actually measures the shear strength: both 
measure certain combinations of quantities that are sup 
posed to be an indication of strength, and can be proved 


only by experimental checking 
Non destructive test methods have bee! ba ed on 
many ideas, some of which are 


Measurement of the electrical impedance of the 
weld at high frequency 


2. Measurement of the response of the welded sheets 
to very high frequency ipersonic ound 
waves 

3. Approximate determination of weld area by X 


ray photog iphy. 
4 Measurement of the hardness of the sheet at the 
center of the electrode impré 
oD Measurement of the diameter of the weld nugget 


pressio! 


b. Pry test 


with a screw driver or other tool (not 
always non-destructive 
7. Measurement of the electrical t e of th 
material between the elect either before 
or after the spot-welding operat 
Probably other methods have been or are being tried 
Monitoring methods have also been based on various 
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| out | of | Nyro 
Q 
§ by hardness testing across the electrode im- 
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principles, all of which are attempts to measure the 
energy used in making the weld. Examples of methods 
that have been tried with varying degrees of error are as 
follows: 


Measurement of the maximum or average electrode 

current. 

2. Measurement of the total charge (the product of 
current and time 

3. Measurement of the maximum or average power 
flow. 

1. Measurement of the voltage drop in the secondary 
circuit. 

5. Measurements based on the response of a thermo- 
couple placed in the face of one of the spot- 
welding electrodes. 

6. Measurement of the integral of the product of 
current squared and time. 

i Measurement of the energy stored, or released 
to the secondary circuit. 

8S. Measurement of the energy consumed between 

the electrodes throughout a certain specific 

time interval. 


\gain, probably other methods have been or are being 
tried. 

Among the monitoring methods listed, Nos. 5 and 6 
have proved to be of considerable value in the spot weld- 
ing of steel on a.-c. machines, particularly the thicker 
gages. Method No. 6 is based on the assumption that 
the effective resistance is approximately constant—an 
assumption which is reasonably true for steel but very 
inaccurate for the light metal alloys. This method 
measures a quantity proportional to the energy input 
to the welding machine if the resistance is constant, but 
does not consider either the time or the space distribu- 
tion of this energy.'® 

A monitoring device based on the principle outlined in 
method No. 8 has been built and tested experimentally. 
It has been found to show excellent correlation between 
shear strength and instrument response, when monitor- 
ing the spot welding of light alloys on stored-energy 
machines, 

This monitoring method is based on the hypothesis 
that the electrical energy absorbed in melting the weld 
nugget is a valid indication of the weld shear strength. 
The reasoning behind this is as follows: 

1. The net energy consumed (input less losses) is 
proportional to the volume of metal melted. 

2. The volume of metal melted should be a measure 
of shear strength of the weld, because (a) the volume 
varies with the area of the weld, since the ratio of thick- 
ness to diameter remains nearly constant for a given 
type of machine and general setup; (b) the area of the 
weld determines its shear strength.'* 

3. Hence a measurement of net energy consumed 
should be an indication of weld strength. 

t. A measurement of energy input, carefully re- 
stricted to the neighborhood of the weld and the period 
of its growth, should be related to energy consumed, and 
hence to weld strength. 

The correlation possible with this type of monitoring 
equipment is shown in Fig. 6. 


‘8 In the case of the light alloys, the resistance before welding varies over a 
very wide range from spot to spot on a given sheet, and it also may vary as 
much as 100 to 1 during the welding operation on any given point The 
monitoring method just described is therefore not used for light metal spot 
welding, because of (1) the resistance variations in time and space, (2) the 
fact that weld growth ceases at the end of about 0.01 sec. and (3) the fact 
that the energy input to the machine or secondary circuit is many times 
greater than that actually consumed in melting the weld (see Fig. 2). A 
recent investigation of the relationships of spot-weld shear strength to contact 
resistance is contained in ‘‘Second Interim Report of the R.52 Sub-Committee 
on the Spotwelding of Light Alloys” by Gordon H. Field, H. Sutton and 
H. E. Dixon, in the Institute of Welding Quarterly Transactions (Great Britain) 
for April 1943, pp. 49-50 

‘This has been substantiated by recent work in non-destructive weld 
testing 
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Monitoring is not necessarily superior to non-dest: 
tive testing except that, first, it is or may soon be 
able whereas a satisfactory method of non-destruct 
testing still appears to be a hope for the future; 
second, it operates with the welding machine and t! 
fore precludes the necessity for additional station: 
the spot-welding or assembly departments for us 
non-destructive testing. Either method of measuri 
the strength classification of every weld would be sati: 
factory, and whichever is the more reliable and th 
sooner available should be adopted. 

{t might at first appear that standardization 
statistical control are not necessary if a reliable monit 
or non-destructive tester is available, but such is 
the case. A monitor, for example, might indicat 
a weld, just made, is of insufficient strength, but it « 
not change the properties of the weld after it is 
formed. Thus, without standardization and regulat 
or ‘statistical control’’) a machine might operate errat 
cally, or be poorly set up, and therefore frequ 
make weak welds. The most that accurate monitor 
or any kind of testing could do to help the situat 
would be to call attention to the weak welds. 
operator might return to or near each weak spot 
make a new one, or the part could be rejected 
gether, but in this process the cost of spot welding w 
be greatly increased, and the rate of production 
respondingly reduced. 

In summing up, the three basic requirements for g 
quality control in aircraft spot welding are standar 
tion, regulation and monitoring or non-destructive t 
ing. If perfection of machine and material standard 
zation were achieved, neither statistical control 
monitoring would be necessary. But since eve 
best possible standardization can only be a close appr 
to perfection, and therefore since at least slight 
tions are bound to occur, it is obvious that statist 
control is essential for the maintenance of high str 
and consistency and as a means of fairly measuring 
general quality of production, and that monitorin; 
required for positive proof of the strength of individu 
spot welds as they are produced. 


60 


| o 
fe} 
50 | 
og 
40 
° 
‘ 


=) 


Deflection of Instrument 
qd 


S 
9 


O 
O 200 400 600 800 000 
Seotweld Shear Strength, /b. 


Fig. 6—Correlation Curve of Monitor for Stored Energy Spo! 
Welders 


JANUARY 


| 
nt 
Li 
T 
I 
‘ 
Ca 
17 
‘ 
e u 
| 
tne re 
ietrin 
fy 
roces 
ce 
\ na 
ind 
impel 
] 
mpiet 
rit nal 
- T 
nai def 
» 
t rre 
With 
rher 
Here 
4 I 
ron 
Phe 
Tre? 
| re] 
ries 
their 
é tion of 
i 
1944 
4 


Benetits to Be Derived from Complete Quality Control 


work involved in satisfying the basic require 
f quality control involves some expense, which 
justified. However, in this paper it is probably 
nt simply to list the advantages which an ade- 
mtrol program will provide. 
[he average strength can be kept very close to the 
or contract specification value. 

\ specified fraction of the welds, say, 95% or 
9°,, ean be guaranteed to have shear strengths equal 
iter than the minimum permitted value. 

Strength consistency can be kept at a maximum, 

' in itself has a number of advantages: 

Positive assurance of high consistency permits 
e use of lower average strength, with resultant 

ng in energy costs, improved sheet efficiency and 

reduced possibility of the occurrence of the other 
letrimental factors of spot-weld quality. 
h) High consistency is the best possible assurance 
it all factors in the operation of the machine and 
cess are functioning correctly. 

Continuous high consistency production 1s 
cellent proof that shop conditions are under control, 
nd that trouble is neither occurring nor probably 

impending." 

The occurrence of detrimental quality factors, 

uch as cracking or poor surface condition, can be almost 
mpletely eliminated, if the control charts are based on 
riginal setups that produced satisfactory welding. 

The number of weak spots can be reduced to a 
imum, their locations can be positively indicated 
| definite ste ps can be taken to ec ympensate for them 

rrect them. 
With the realization of these benefits, spot welding can 


idently be used for applications such as structural 


now prohibited or viewed with skepticism by de 

ner This wider use can be expected to lead to 

er production rates and lower assembly 

re are also other specialized advantages, such as in 

g the skins of supercharged cabins, wherein spot 

has a distinct advantage in terms of the de 

number of potential air leaks and in a smoother 
surface being presented to the slip stream. 

m the foregoing analysis, it seems that the cost of 

ting a good quality control system should be far 
d by the value of the benefits to be derived 


sts 


APPENDIX 


Statistical Measures of Spot-Weld Quality 


practical numerical measures of spot-weld quality 
strength of the spot-welded joint, and (2 
tency of individual spot-weld shear strengths 
qualities are usually calculated from the tabulated 
strengths of a number of individual spot welds 
ut of panels that were welded together on the 
chine in question. There are, however, a number 
ilerent ways that the test data can be handled, and 
elore there are different ways to state or ‘‘measure”’ 
ength and consistency of the group. This ap- 
is intended to review the more common quanti- 
d in these methods of analysis, and to explain 
significance, 


: ‘n other words, if all factors and conditions are correct, consistent opera 
a 1 D€ attained; departure from consistent operation is the first indica 
Meipient trouble which may later become serious. 
1944 


Strength 


most 
average of the group. This is usually 
symbolized by the letter X, and is shown in the typical 
“freque ney chart’ or “histogram of Fig 7. Phe 
average strength may sometimes be misleading for two 
it may be the same for a wid 

group as for a perfectly consistent group, and (2) it is 
not necessary that half of the welds, or 
fraction, be as strong as the averag« 
average of the following four values, 200, 
600 Ib., is 300 Ib. and yet three out of four of these values 

33'/,°% smaller than the average. 


a Probably the obvious represel tation ol 


strength is the 


reasons 
any particular 
For exampl 


100. 200 and 


are 50 

b) [In order to overcome these difficulties, an alter 
nate method is used, in which the strength figure is a func 
tion of the average strength and also of the dispersion, or 
inconsistency, of the group. Although this method of 
strength representation is not universally used, and may 
seem slightly cumbersome, it has the advantage of giv 


ing a more reliable statement of the load that the joint, 
or any part of it, can be guaranteed to carry This 
measure is called the ‘“‘base strength,’’ is defined as the 


average less twice the standard deviation,’* and repre 
sents the shear strength that is equaled or exceeded by 
at least 95% of the welds."’ A statement of base strength, 
X,, is therefore a representation of the load that 95% 
of the welds can be relied upon to carry regardless of the 


average strength or the inconsistency of the group 

® See the discussion under Lon tency’ for descript antity 

? The figure 95% is a conservative one based on act test f production 
welding, and is less optimistic than the theoret f : rmal (un 
skewed) dispersion If the use strength were obtained tracting three 
instead of two, times the standard deviation from the average, the fraction 
of weld strengths exceeding it would be over 99% 
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= 
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No. of welds 
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Shear strength, /b 
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{000 


252 
158 /b 
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Xmax 
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97 welds 
523 |b 


Xp = 342 lb 
CF = Gl /7.4 
xX 27 lb Dp -= 35,3 


Fig. 7—Typical Histogram of a Spot-Weld Test 
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c) Both the average strength and the base strength 
must be expressed in dimensional strength units, and 
therefore they cannot be compared between different 
materials or thicknesses of material. By dividing the 
average or base strength by the specification minimum, 
at present the minimum permitted by the Army Air 
Corps, non-dimensional quantities are derived. These 
are referred to as the “average strength factor,” F,, 


and the “‘base strength factor,’ /,, respectively, and 
afford a means of direct comparison of all spot-weld tests, 
regardless of material compositi mn or thickness. 


Consistency 


This term is usually intended to refer to the uniformity 
of strengths of the group. Its exact definition depends 
upon how it is measured. 

(a) The most elementary representation of con- 
sistency is probably the difference between the highest 
and lowest individual strength values of the group (see 
Fig. 7). This is called the “range.’’ It is not a reliable 
figure because it does not take into account the general 
dispersion of the group; it may depend upon a single 
chance value. For example, the ranges of the following 
two groups of figures are equal, although the second 
group 1s unquestionably more consistent than the first 
one from a practical standpoint: 

Group 1: 10, 11, 11, 11, 14,14,16, 19, 20; range 10 

Group 2: 10, 20, 20, 20, 20, 20, 20, 20, 20; range 10 


(5) An alternate method, similar to the range but 


more representative of the dispersion, is the use of the 
“maximum deviations.’”’ The difference between any 
individual shear strength and the average of the group is 
called the “deviation” of that shear strength. By stating 
the deviations of the highest and lowest values in the 
group a better measure is afforded of consistency than 
the range alone, but it has two disadvantages: (1) it 
considers only two chance, extreme values, and (2) it 
requires the statement and appreciation of two numbers 
instead of one. This is brought out by considering the 
following two groups, in which, again, the second is 
actually the more consistent: 


Group 3: 10, 10, 10, 10, 19, 20, 20, 21; max. deviations 


are D, = 21 — 15 = 6, D, = 15 — 10 
= 09 

Group 4: 10, 14, 15, 15, 15, 15, 15, 21; max. devia- 
tions are D, = 21 — 15=6,D, = 15 — 
10 = 5 


or by comparing the following two groups, in which the 
second is the more consistent from a practical standpoint. 


Group 5: 10, 10, 10, 10, 20, 20, 20, 20; range 10, 


max. deviations are D, = 5, D, = 5 
Group 6: 10, 20, 20, 20, 20, 20, 20, 20; range 10, 
max. deviations are D, = 1.2, D, = 8.8 


Obviously, the dispersions of the above examples were 
specially chosen, and probably would not frequently 
occur in actual welding. If two unequally but uni- 
formily distributed groups were compared, either the 
range R, or the maximum positive and negative devia- 
tions, D, and D,, would give them fairly good relative 
ratings. This is shown in the following two uniformly 
distributed groups. 


Group 7: 8, 10, 12, 14, 16, 18, 20; X = 14, R = 12, 
D, = 6, D, = 6 

Group 8: 11, 12, 13, 14, 15, 16,17; X = 14, R = 6, 
D, 7 3, D, 3 


(c) In order to overcome the disadvantages of using 
the range and maximum deviations, a method may be 
used which takes into account the strength, or incon- 


sistency of each individual weld. This is done by com 


bining into a single figure the deviations of all individu, mea 
values. If the deviations were simply averaged, tw Group | 
disadvantages would occur: (1) the positive deviatio: Group | 
would cancel the negative ones, and (2) the larger on Group | 
which are the ones that impair the total quality the m 
would not be given sufficient weight. The deviatioi rise 
therefore combined by extracting their “effective 
root mean square value. The resultant figure, called th Both th 
“standard deviation’ of the group, is thus calculated tor, D, 
the square root of the average of the squares of th nd both 
individual deviations, or as the square root of the differ press the 
ence between the average square and the square of t each is be 
average of individual strength values. This is show ar 
algebraically as follows: 
0.040 2 
Let x = individual shear strength of any weld nunimum 
A = average of all values of x Group 
d = numerical value of X — x . = 
o = standard deviation Group 
n = the number of welds in the group . 
Then Group 
[=d? — x)? <x? — X? 
¢= \ \ or = \ Groups 
n n n r spread 
(d) In order to represent the consistency in comparis “soup ‘ 
to the general magnitude of the quantity being measur apenas 
and to use the standard deviation without specific wu 
being attached, the latter quantity can be divided b 
average strength of the group. The quantity 
derived, when multiplied by 100, is called the ‘‘C 
cient of Variation,’’ C,, is a non-dimensional unit 
consistency which takes into account all of the individ 
strengths of the group, and makes possible the com 
son of consistencies in groups of welds in different 
rials or different thicknesses of material. The relati Un the 
ships of the standard deviation to the coefficient \ are U 
variation is shown in the following example. strengths 
better ca 
Group 9: 8, 10,12; X = 10,¢ = 1.63, C, = 16.3 f variati 
Group 10: 18, 20,22; X = 20,0 = 1.63,C,= 8.1 
Group 11: 16, 20,24; X = 20,0 = 3.26, C, = 16.3 i. 
In this example, the second group has the same tot Str 


dispersion as the first, and therefore the same valu 
However, it is generally twice as great and theret 
relatively only half as inconsistent, and its coefficient 
variation is half as great as that of the first group. 1 
third group has twice as great a dispersion as thi 
but, being twice as high in values generally it ha 
same relative inconsistency, and its coefficient of vat as 
tion is seen to be equal to that of the first group. 

(e) Sometimes there is a need for expressing 
absolute consistency of a group of spot welds by 
non-dimensional units so that tests on different mater 
or thicknesses of material may be compared. 
standard deviation, oc, is a measure of the absolute 
sistency, but is not dimensionless; while the coefficien' 
of variation, C,, is dimensionless, but measures th: 
sistency relative to the average strength of the g! 
which itself may be a variable for any gage under 
sideration. Neither of these quantities is ther 
suitable for the purpose. When such a requirem 
arises, however, the answer can be expressed by 
“deviation factor,” D,, which is simply 100 times thet 
of the standard deviation to the specification minim 
for the material and thickness welded. This expresses 
the consistency as a percentage of a fixed reference valu 
for the gage and material, and is illustrated in the follow 
ing example: 


58 THE WELDING JOURNAL JANUARY 1944 


minimum, 


better 


\ssume the specification minimum to be X, = 6, then 


Group 12: 8, 10, 12; X = 10,¢ 1.63, D, 27.2 
Group 13: 18, 20, 22; X = 20,0 = 1.63, D, = 27.2 
Group l L6, 2U, 24; a ZU, o 3.26, 54 


parison of Statistical Parameters 


Both the coefficient of variation, C,, and the deviation 
tor, D,, are derived from the standard deviation, co, 
nd both of them are dimensionless. However, thev ex- 
ess the consistency of the group in different ways; 
ich is better for certain purposes. In order to eliminate 
nfusion between these two quantities, their differences 
illustrated as follows. Assume three groups of welds 
0.040 24ST Alclad material, for which the specification 
345 Ib. 


Group A has average strength X, 100 Ib., and 
Og = 40 lb. 
Group B has average strength X, = 500 lb., and 


10 Ib. 


Group C has 
50 Ib. 


average strength X, = 500 Ib. 


, and 


Groups A and B have the same absolute consistency 

spread, as is shown by their equal values of ¢, while 
sroup C has a wider spread. This is expressed non- 
limensionally by their deviation factors, which are: 


40 
Group A: D,, Ne x 100 11.6 
5 


Group B: D, = == X 100 11.6 

50 2 

Group C: D,, = == X 100 = 14.5 
oid 


On the other hand, the consistencies of Groups A and 
are the same relative to their respective average 
strengths, and on this same basis Group B has relative ly 
‘his is shown by their coefficients 
which are 


consistency. 


variation, 


Measure Used 
Average strength 
Average strength factor 
Base strength 
» strength factor 


Consistency Range 


Maximum deviation 


Standard deviatio 
Coefficient of v 


Deviation factor 
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Group A: C,, x 100 LO 
100 
10 
Group B: C,, x 100 
00 
Group C: C, - x 100 10 
These quantities (C, and D,) express the consistency in 
different ways, and the choice of which to u lepends 
upon the use to be made of the final figure. If, for th 
purpose at hand, it is considered that a ¢1 up ol \ elds 
with high average strength and wide dispersion has as 
good consistency as another group wit I ( 
strength and proportionally narrower dispet thet 
the coefficient of variation should be used, since it gives 
credit to the first group for its higher strength. On the 
other hand, if it is necessary to compare the actual total 
dispersions of two groups, regardless of their average 
strengths, then their deviation factors should be used 
since it may be assumed that the specification minimum, 
X;, Varies in some rational manner and in smooth pro- 
gression with the various materials and gages 


Finally, the measures of strength and consist 
be compared as follows: 
strength, X eth without 
giving credit for good consistency, whereas the base 


ney may 


The average , measures stre1 


strength, \,, is a strength measure which is made more 
favorabl by higher consistency Similarly, the devia- 
tion factor, D,, measures consistency without giving 
credit for high average strength, whereas the coefficient 


of variation, C,, 1s 
ates high strength levels. 


consisten ippreci 


Summary 


[he statistical measures of spot-weld quality are 
summed up in the table below 
Some of the algebraic relationships between these 
quantities are expressed by the following equati 
D Cr. OF, 100 
yf) 
Symbol Algebr 1) 
4 
F, 
} Fy 
) D 
; 
T) 
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THE SEARCH 


THAT 


NEVER ENDS 


1. THE industrial life of America, research 
has been of constantly increasing importance. 
And today it is a national resource, for the 
research of industrial and college laboratories 


is proving its value in War. 


To the Bell System, research is an old idea, 
for the telephone itself was born in a labora- 
tory. Behind its invention, sixty-nine years 
ago, were researches in electricity and acous- 


tics and in speech and hearing. 


And, ever since, there has been a labora- 
tory where scientists have searched to know 
more about these subjects; and with their as- 
sociated engineers have applied the new know]- 
edge, fitting it with all the old, to make the 
telephone better and better. 


Their fields of inquiry have broadened and 
deepened through these years; they inquire 
into all the sciences and engineering arts which 
have any promise of improving the telephone. 
Much has been learned but still more will be, 
because their search goes on. That is why the 
telephone laboratory grew to be Bell Tele- 
phone Laboratories, Incorporated, the largest 


é & BELL 


industrial laboratory in the world. And it 
exists to improve telephone service. 


Improvements in industry can be left to 
chance in the hope that some one, sometime, 
will think of something useful; that some good 


invention will turn up. 


The other way to make improvements is 
to organize so that new knowledge shall always 
be coming from researches in the fundamental 
sciences and engineering arts on which the 
business is based. From that steady stream 
will arise inventions and new methods, new 
materials and improved products. 

This is the way of Bell Laboratories. Its 
search will never end. And as fast as it can 
the Laboratories will apply its new knowledge 
practically to the design of equipment and 
communication systems. 

At present—and this started before Pear] 
Harbor—its trained scientists and engineers 
and all their skilled associates are concentrat- 
ing on products of importance to our armed 
forces. But when this work is happily over 
they will be ready to continue their develop- 
ments for the needs of peace. 


TELEPHONE SYSTEM 


“Research is an effort of the mind to comprehend relation- 
ships no one has previously known; and it is practical as 
well as theoretical.”’..... BELL TELEPHONE LABORATORIES 
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AMERICAN WELDING SOCIETY 


ACTIVITIES = 


RELATED 


EVENT 


SECTION OFFICERS 
CONFERENCE MEETING 


Twenty-one Sections were represented 
the Section Officers Conference in 
Chicago during the recent Annual Meet- 
g of the SocrETY, some having as many 

1s three representatives, while one had 
four present. As intended, the Conference 
provided opportunity for the Section 
Officers to get well acquainted with National 
OfMfcers and other Section Officers, to iron 
ut their difficulties and to express their 
viewpoints on new matters presented to 


As recommended, steps are being taken 
put into effect as rapidly as possible by 
law amendment recently adopted, which 
provides for seven geographical Districts. 
[he purpose of this amendment is to en- 
ble the District Vice-Presidents to prop- 
rly service the Sections in their Districts. 
ney have be en unable to do SO heretofore 
cause of the large territory to be cov- 
red. Inasmuch as only five District Vice 
Presidents were elected for the current 
ome territorial adjustments are nec- 
ary and two additional District Vice- 
idents have to be elected Mr. C. H. 
igs was appointed Chairman of this 
Committee at the Directors’ meeting held 
Chicago. Matters that will require early 
leration by the Committee include: 
rification of the classification of 
mbership known as “Sustaining Com- 


and (2) establishment of Section 


One idea for bringing about closer rela 
mship between the National Body and 
ts Sections was the recommendation that 
be provided to enable the District 
Vice-Presidents to pay an annual visit to 
e Sections in their Districts, and further, 
National Officers to 


lay more frequent visits to the Section 


» enable the other 


rhe Membership Committee Chairman 
ed the importance of the Sections 
centrating on good meetings, with com- 
stent speakers, as a means of getting 


w members and retaining member inter- 


t He suggested that the Sections, 
rough survey, find out the subjects of 


reatest interest to their members and 
1 make a special effort to get the be 
ilent available. It was generally believed 
at a dinner, preceding the meeting, pro 
tes a spirit of good fellowship. A non- 
hnical coffee talk adds to the attrac- 
ti Before the tech- 
| talk at the meeting, a motion picture 
n a subject of general interest, or a half 
lour devoted to a question and answer 
period, with experts on hand to answer 
he questions, creates considerable interest. 
Attractive announcements, distributed 
ely, well in advance of the meeting, 
ive been found to improve the attend- 
ince. Identification badges, sometimes 


of two different colors, are used to get 
members acquainted and to learn who are 
potential members. Joint sessions with 
branches of other technical societies es 
pecially interested in the subject to be 
presented are often found to bring in new 
interest Welding panels arranged in 
cooperation with the WPB for the benefit 
of those engaged in war production have 
added to the prestige of the Socrety 
Occasional social affairs have created good 
fellowship and a friendly welcome to the 
new comer should never be overlooked 

The Membership Committee Chairman 
also urged all Sections to hold their annual 
elections in the spring of the year so that 
the officers can be installed and the sea- 
son’s programs organized under the new 
regime well in advance of the opening of 
the fall season and the Annual Meeting of 


the National Society. 


THE OXY-ACETYLENE HANDBOOK 


The Oxy-Acetylene Handbook published 
by The Linde Air Produ 


planned to be a basic handbook or manual 


Co., has been 


on oxyacetylene welding and cutting and 
their related processes It has been 
planned specifi ally to be of use in college 
vocational schools and secondary schools, 
and in other teaching institutions having 
courses in welding, construction methods, 
shop and other vocational and technical 
subjects 

The book will ilso be of interest to those 
in industrial plants who are responsibl 
for the training of welding and cutting 
It will be of use to plant 


management people, engineers, Gesigners, 


operators 


superintel 
in shops where the oxyacetylene processes 


are or might be used a rroduction of 


maintenance tools Price Copies 
available through the AMERICAN WELDING 


SOCIETY 


MOISSEIFF MEMORIAL COMMITTEE 
FORMED 


Plaque, Street Naming and Symposiums 
Planned 


Associates of the late Leon S. Moisseiff, 
member of this Society, are forming a 
memorial committee in his honor to pet 
petuate his personal and professional 
ideals. Moisseiff was known as an ind 
fatigable committee member in technical 
societies, including the A.S.C.E., American 
Welding Society, A.S.T.M., merican 
Institute of Steel Construction and other 
groups. He was the first to apply the 
deflection theory in the design of suspen- 
sion bridges in this country, having ap 
plied it in the design of the Manhattan 
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Bridge The memorial contemplated 
would consist of erecting an appropriate 
bronze plaque at the Manhattan approach 
to that bridge, and 1 ing this approach 
“‘Moisseiff Plaza.” 
symposiums on topics in which Moisseiff 
lated. A 
small fund for this purpose is proposed 
to be secured. Members and friends who 


addition, annual 


was interested are conten 


wish to serve on the Committee, which 
involves no personal obligation, are re- 
quested to write 

The Leon S. Moisseiff Memorial Committee 
393 Central Park West, Box 402, 

New York 25, N. ¥ 

The Committee is not accepting any funds 
at the present tim« 


$600 CASH PRIZES AWARDED IN 
METALLIZING CONTEST 


Cash prizes have just been award ry 
Metallizing Engineering Co., Inc., Long 


Island City, N. Y., in the first of its new 


series of Conservation Cont ;. Open 
to users of any type ietal praying equip 
ment, these contests are intended to show 
manufacturers and others how they can 


save critical metals and time in production 


and maintenance 


First Prize of $200 was awaras to 
R. ¢ Overstreet, Tinnerman Products, 
Inc., Cleveland, Ohio, for his description 
of a faster, more durable way to protect 
Speed Nut igainst TT n Second 
Prize, $100 in h, went to L. W. Sagle, 
Baltimore & Ohio Railroad Co., Balt 
more, Md., for proc howing how 
replaceme ar ind worn part 
clai ied juK aply 

For the econor iffor building 
upa dersize 1 ch ra dredge, 
$50 i iwara t ] Ke cha 
United Stat Engi Office, Bufialo, 
N. ¥ A simila I is given to UC. G 
Holloway, Isaa Iron V 
Wasl for a nd of il i 
cardes pre ta 

[wo pro tio ol hie 
1 il] ig pr prize 
() CS H \ | Pr 
I Kalatr lic] ) ribed 
he metalliz i kel 
Let ra Phe 
it ubmitt a 
i al Teley ) | Corp 
} York, N. \ ypper and 
aT ings oO el are repl g solid 
il inum for ra i ter fra 

Cw ty \ i awarded 
Sylv ter, i] Ele ri Lo., 
Sic he tady N y Io 4 l hod of 
upplying sprayed alu teel mag 
et insert [wo Canadia ries each 
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cuts. These were: P. Ziegler, Zapfe 
Machine Shop, Kitchener, Ont. (repair of 
axle for road grader), and C. P. Fessant, 
Motor Vessel Kenozha, Sarnia, Ont. 
(repair of marine crankshaft 

A special prize of $25 went to T. Horn, 
Crescent Operations, Anniston, Ala., for 
information showing how an old bus en- 
gine was converted into an auxiliary air 
compressor used in the operation of this 
company’s metallizing equipment 


EYE SAFETY 


To assist in the current campaign 
against industrial eye accidents, American 
Optical Co. of Southbridge, Mass., an 
nounces it is now making available to 
industry the following free AO safety 
promotion services: 

1. Safety posters dramatizing the im- 
portance of wearing safety goggles on eye 
hazardous jobs 

2. A miniature newspaper—The Safety 
Clipper—published periodically and con- 
taining material on eye safety designed for 
reproduction in employee magazines or 
newspapers 
3. Analyses of plant eye hazards, and 
recommendations by trained AO safety 
representatives for effective eye protection 
programs. 

4. A 16-mm. sound training film titled 
“Right on the Nose’ and demonstrating 
the simplest, quickest methods of fitting 
nonprescription safety goggles so that 
workers can wear them in comfort. Also 
available is a booklet bearing the same 


title and providing in printed form the 
information contained in the film. 


CHICAGO BRIDGE BECOMES 
LEAD YARD 


The Chicago Bridge & [Iron Co.'s 
Seneca, Ill., shipyard has been made the 
“lead yard” in the U. S. Navy’s new LST 
construction program. Gibbs and Cox, 
Inc., Marine Architects of New York, 
have been retained to make plans and 
issue purchase orders for all yards building 
LST’s 

The Chicago Bridge & Iron Co. has 
received contracts from the Navy to build 
150% more LST’s at Seneca than they 
built under the first program, which is 
being completed at the present time, ap- 
proximately three weeks ahead of sched- 
ule 

LST’S are being launched at the 
Seneca yard at the rate of one a week. 
Under the new program, completion will 
be stepped up even faster. The ships built 
at this yard are 98% complete when 
launched. The engines are installed, all 
equipment is in and all piping and wiring 
ready for the operation of the ship 


ARMY-NAVY “E’’ AWARD 


Fitzgibbons Boiler Company, Inc., won 
the Army-Navy “E” award. This is an 
especially outstanding achievement in the 
case of the Fitzgibbons plant, which had 


to completely convert its facilities fr: 
steel boilers and conditioners to types of 
war production bearing very slight rela- 
tionship to the former products. It is a 
far cry from the building of steel boiler 
to the making of huge ‘‘General Sherma 
tanks, the fabricating of armor plate gun 
shields and platforms, etc Much ne 
equipment had to be built and installed 
delays circumvented, workers trained 
spite of all the handicaps accompanyi 
this internal revolution, the plant h 
reached production goals deemed worthy 
of special commendation by the U 
Government 


PACKAGING 
STANDARDS FOR OVERSEAS SHIPMENT 


Standard packages for delivering steel 
mill products overseas in first-class co: 
dition under even the most severe condi 
tions of wartime transportation have been 
designed by packaging experts of the steel 
industry. 

Culminating an intensive, three-year 
study of methods of preparing steel prod 
ucts for overseas shipment in wartime, a 
fully illustrated, 180-page manual, ‘‘Pac} 
aging, Marking and Loading Methods for 
Steel Products for Overseas Shipment,’’ has 
just been issued by the Committee on 
Packaging, Loading and Shipping Prob 
lems of the American Iron and Steel 
Institute 

The manual contains instructions which 
have been approved by the Army Service 
Forces, the Navy Department and the 
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SMITHway AC Welder. 


SMiTHway Electrodes in Action 
Welding a Diesel Engine frame. 
Like all jobs at the Smith plants 
these days, this is a war job. The 
machine in the background is the 


F the men who make welding electrodes only 
had to use them — many of your shop prob- 


lems would cease to be! 


Why? Because welding electrodes are produc- 
tion tools! To build a good production tool, a 
man must know the problems of using that tool. 
We make the SMITHway Certified Welding 
Electrodes that we offer you. They are the same 


electrodes we use in our shops. SMITHway 


electrodes, therefore, are shop tested in one of 
the world’s largest welding plants . . . where 
thousands of pounds of electrodes are used 


. where all kinds of welding is 


done on a big production scale. 


every day. . 


When we tell you that SMITHway Certified 
Welding electrodes will give you better welding 
results at lower costs, we are stating a fact that 


can be demonstrated in your plants. 


Mild Steel...High Tensile...and Stainless Steel 
WELDING ELECTRODES 


made by welders 


SMITHway Welding Monitor cuts the time 


of training welders as much as 333%! 


PRICE AT NEW YORK, PITTSBURGH 


1944 


CHICAGO. TULSA 


. for welders 


SMITHway AC Welding Machines reduce 


spatter, completely eliminate “arc blow.”’ 


Corporation 


OUSTON, 


LOS ANGELES SEATT 
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U.S. Treasury Procurement Division, for 
wrapping, tying, boxing, marking and 
loading various steel products. In pre 
paring the instructions, many consulta 
tions were held with purchasing missions 
representing the British Empire, China, 
U.S.S.R., the Fighting French, Belgium, 
the Netherlands, Iceland and Turkey 


PYROPHYLLITE 


An interesting, attractive booklet on 
the properties of various types of pyro 
phyllite has been issued by R. T. Vander 
bilt Co., Inc., 230 Park Ave., New York 
17, N. Y. Its uses, including welding and 
coatings, is also described. 


EUTECTIC DATA BOOK 


Eutectic Welding Alloys Company, 
40 Worth St., New York, N. Y., manufac 
turers of Castolin Eutectic welding alloys 
and fluxes for low-temperature welding 
and brazing, have issued a new Data 
Book which contains the latest informa- 
tion pertaining to Eutectic low-tempera- 
ture welding. Copy available on request 


J. R. HENRY PROMOTED 


J. Robert Henry has been appointed to 
the position of Welding Engineer for The 
Cleveland Diesel Engine Division of The 


MODERNIZE YOUR FOOT OPERAT ED SPOT WELDER © 


MAN WHO USES HIS HEAD GETS ve 


SPOT WELDERS — 


ST oP USING YOUR FEET ates the arms electrically, your slow, 


SOLENOID OPERATED 20KVA 
TAYLOR SPOT WELDER 


General Motors Corp. at Cleveland, Ohio. 
Mr. Henry is an old employee of the corpo- 
ration, having worked at the Winton En- 
gine Co. (now Cleveland Diesel Division) 
and The Electro-Motive Division at La 
Grange, Ill. Since 1985 Mr. Henry has 
been associated with sub-contractors of 
Diesel engine weldments for the Cleveland 
Diesel Division. He worked as factory 
representative at Lukenweld, Inc., at 
Coatesville, Pa. In 19388 he joined the 
Clearing Machine Corp. as welding engi- 
neer and supervised the welding design 
and construction of Diesel engine frames 
In 1942 he helped organize the Warren 
City Tank and Boiler Co. as the Warren 
Fabricating Division of the Taylor Win- 
field Corp 

In his new capacity Mr. Henry will aid 
the design engineering group in the crea- 
tion of new fabricated products and will 
supervise the fabricating procedure of 
Cleveland Diesel sub-contractors. 


William G. Theisinger 


1935, as Welding and Metallurgical Engi 


THEISINGER PROMOTED neer and has specialized in the handling of 
technical matters involved in the appli 
William G. Theisinger, who has been tion, fabrication and sale of the company 
Director of Welding Research at Lukens products. 
Steel Co., Coatesville, Pa., since Febru- Dr. Theisinger was born in April 1904 
ary 1941, has been appointed Assistant at Carlisle, Pa. After attending Harris 
to Vice-President, it was announced burg public schools, he became Assistant 
recently by D, S. Wolcott, Vice-President Chemist at Harrisburg Steel Corp. | 
of the company. Dr. Theisinger will 1925 he became associated with the Board 
assist Mr. Wolcott in work connected with of Transportation of the City of New York 
the manufacture, sale and application of in the development of welding inspection 
special products such as clad steels. In 1930, Dr. Theisinger matriculated at 
Dr. Theisinger joined Lukens in August Harvard University, receiving the deg 


By the quick, simple attachment of a 
Hercules Special Solenoid, which oper- 


tiresome, foot operated spot welder 

becomes an efficient, speedy automatic 

machine. The results are startling: 
PRODUCTION—30% T0 


INSURES UNIFORM, PERFECT SPOT 
WELDS AUTOMATICALLY. 


A—BY PRODUCING MUCH GREATER 
ON THE ELECTRODE 


GUARANTEEING UNIFORM 
PRESSURE AT ALL TIMES. 


CUTS POWER COSTS. 

CUTS LABOR COSTS. 
ELIMINATES STRENUOUS FOOT 
WORK. 


SKY ROCKETS THE VALUE OF YOUR 
SPOT WELDERS 


Units are easily attached to all makes 
of spot welders and are available with 
or without automatic timers. 
SUBMIT YOUR PROBLEMS 


OR SEND FOR DETAILED 
INFORMATION. 


2416 ATLA 
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For Now We Can Guarantee You Immediate ‘ 
Delivery of RACO I] 


That means you can have at once the electrode A.W.S.—A.S.T.M. Filler Metal Specifications 
the Welding Foreman of one of the largest ship- A233-42T Classification E6011; Navy Bureau of 
yards calls “the best my crew has worked with Ships Specification 46E3, Grade Ill, Classes 1, 2, 

.it's the electrode that assures X-Ray clean 3; American Bureau of Shipping Specifications 
welds free from gas pockets and slag inclusion.” HIG and BIG; A.S.M._E. Boiler Code, Paragraph U68. 


RACO 11 has proved the hard way—top-flight Immediate delivery of RACO 11 Electrodes means 


performance on thousands of jobs—that it is the you can profit right away from their many ad- 

ideal utility electrode. On AC or DC it gives vantages. Write NOW for NEW CATALOG and 

superior results on mild steel in all positions. And samples. We'll send along complete information 
it complies with the following specifications: on RACO Electrodes for every welding job. 


REID-AVERY COMPANY 


DUNDALK BALTIMORE 22 MARYLAND 
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of Bachelor of Science in 1934 That 
summer he served the Western Pipe and 
Steel Co. as Consulting Engineer on high 
amperage, automatic welding. In 1935, 
after completion of postgraduate work at 
Harvard, he received the degree of Doctor 
of Science 

Dr. Theisinger is a member of the 
AMERICAN WELDING Society, the Ameri 
can Institute of Mining and Metallurgical 
Engineers, the American Branch of the 
Newcomen Society of England, the 
Franklin Institute and the Harvard Club 
of New York. 


WHITING EMPLOYEES RECEIVE 
WHITE STAR 


The men and women of Whiting won 
the Army-Navy ‘“E”’ Flag on March 27, 
1943, for meritorious service on the pro- 
duction front. Now the Under Secretary 
of War has again acknowledged their serv- 
ices by renewing the award and authoriz- 
ing the addition of a white star to the 


original flag 


FUNDAMENTALS OF ELECTRONIC 
CONTROL 


An interesting technical pamphlet on 
the above subject has been issued by 
General Electric Co., Schenectady, N. Y 
The pamphlet includes comprehensive 
papers on Electronic Welding Control, 
Seam and Pulsation Welding, Special 


Controls, Electronic Weld and Sequence 
Timers, Energy-Storage Welding, Elec- 
tronic-Control Maintenance, General 
Electric Equipment for Resistance Weld- 
ing, Index of Symbols 


SPARKS 


With graphic presentation in word and 
in picture, the fall issue of Sparks, house 
magazine of Tube Turns, Inc., Louisville, 
Ky., is dedicated to telling the success 
story of welding in the shipbuilding in- 
dustry 


OF 


50 AVERAGE SHIP 


4 


Sparks, in this latest issue, carries a 
double-page spread showing how welding 
was recently employed to graft a new boy 
on the torpedoed destroyer Blakely and 
put her quickly back into service as good 
as ever. An item worthy of addition t 
anybody’s collection of ship pictures is 
full page of silhouettes of 24 of the type 
of ships which comprise Uncle Sam’s mari 
time strength 

It is almost impossible for an average 
person to realize that there is something 
like a quarter of a million lineal feet of 
piping—about 50 miles of it—in_ the 
average ship. By chart and by picture 
Sparks shows how Tube-Turn welding 
fittings are enabling shipbuilders to speed 
up this enormous job of pipe installatio: 
and at the same time to save weight and 
space—in short, to do a better job of get 
ting American ships off the ways and out 
on the high seas all over the world 


BASTIAN-BLESSING DIVISION 
MANAGER 


Frank H. Fisher of Chicago has been 
appointed manager of the Welding & 
Cutting Division of The Bastian-Blessing 
Co., 4203 Peterson Ave., Chicago He 
will supervise promotional and sales 
work of the company’s ‘“‘Rego’”’ line and 
work in close cooperation with customers 
of “‘Rego’’ welding and cutting products 

Mr. Fisher brings to his new work 
rich background of practical experienc« 
He was previously associated with Ameri 


UNITED WELDING 
YOUR LOGICAL SOURCE 


On the left is a Diesel gear casing involving many 
sub-assemblies . . . difficult work. On the right a 
press .. . suggestive of many contracts success- 
fully completed for machine tool builders. 

United has the engineering talent, the facilities | 
and the seasoned experience to fabricate all of 


your weldments.. 


plicated or difficult ...on long or short runs. 


Submit your plans 
Obtain United’s quotation 


THE UNITED WELDING CO., MIDDLETOWN, OHIO. 
Welding Fabricators of Modern Designs | | 
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— higher than that you get with any ordinary — because of increased “hot ductility” and higher 
bronze welding rod. This equals the tensile percentage of elongation (25° to 30% elonga- a 
strength of mild steel — is better than the tensile tion in 2", .505 dia.). Due to this high elongation 
strength of most cast irons. Ampco-Trode 10 weld and lack of “hot shortness,’ Ampco-Trode 10 
metal is equal in strength to manganese bronze. readily welds most metals. wen 
Consult your electrode sup- 
plier or write us direct. ra 
Coated Aluminum Bronze ebb ERED TEAR OUT AND MAIL COUPON 
Welding Electrodes .. . 
= AMPCO METAL, INC., Dept. WJ-1 Milwaukee 4, Wis. 
( stle to ‘ Please send, without obligation, the 
Ampco-Trode 10: All-purpose bronze rod. find jottowing data on Ampco-i rede: 
ways of General Ampco-Trode Bulletir 
16 requiring good ductility credi Sheet No. 107 on repairing bronze and 
pco-Trode 16 conditions of wear or m 
corrosion. faster, at low- 
er cost — with Ampco Company 
For extremely hard over- ; Ttode. Detailed applic- 
Ampco-Trode 20 lay welding to meet spe- Address 
Ampco-Trode 21 cial conditions of wear, 
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can Steel Foundries of Chicago, and also 
served for a number of years as district 
sales manager of R. Cooper, Jr., Inc., 
General Electric Co.’s Chicago distributor 
His services are available now to all users 
or prospective users of welding and 
cutting equipment to assist in their war 
production problems and postwar plans 

The Bastian-Blessing Co., Mr. Fisher 
states, is refining and improving its present 
products and doing research work on new 
models while devoting its present manu 


Erie Works, this gimbal halves the time 
previously required for welding certain 
miscellaneous parts. Setting the work in 
the best welding position is easy, and the 
liberal distances between frames assures 
plenty of hand clearance for safety 


CODE FOR PRESSURE PIPING 


As a result of the recommendations of 
the Subcommittee on Scope and Intent of 
the Sectional Committee on Code for 
Pressure Piping, B31, two new special sub 


It has been recognized for some tim 
that present code requirements and stanc 
ards for instrument piping are not suf 
ciently complete to provide adequate a 
surance of the safety of such piping sy 
tems. The new subcommittee to handl 
this assignment will consist of members of 
Sectional Committee B31 selected from th: 
subcommittees that developed each se 
tion of the code representing the several 
types of piping, together with representa 
tives of interested manufacturers 

The second subcommittee is. being 
formed in accordance with a recommenda 
tion made by the recently appointed Joint 
Conference Committee on Piping Code 
and Standards, and endorsed by the Sub 
committee on Scope and Intent. This sub 
committee’s assignment will consist of two 
parts: (1) the formulation of working 
stresses for steel castings, forgings, plate 
and bars for use in designing special fitting 
which are not intended for application, 
however, to existing standard design 
the development of rules for casting quality 
factors which will be applicable only to 
design of special castings 

30th of these subcommittees will be 
asked to develop their recommendations in 
the form of rules and tables similar to like 
data contained in the A.S.M.E. Boiler 
Construction Code 


committees are being appointed to func- 
tion under the procedure of Sectional Com- 


facturing facilities exclusively to the 
production of war material 

mittee B3 One of these subcommittees COMING ANNUAL MEETING 
will formulate requirements for instrument 
piping, the other will develop quality fac- The program Committee will 
tors for castings and working stresses for shortly to tentatively outline the paper 


GIMBAL CUTS WELDING TIME 


50 PER CENT steel castings, forgings, plate and bars, all for the coming meeting of the Society 

for inclusion in the American Standard Cleveland next October. Suggestions ar 

Made from salvaged bar stock by M. F Code for Pressure Piping, ASA B31.1- invited! Address suggestions to VW 
Waid, a foreman at General Electric's 1942 Sparageu, American Welding Society 


Buy ‘“‘Proven Fluxes’’ with Years of 
Guaranteed Satisfaction behind them 


The Trade-Name is **ANTI-BORAX” 
Ask for Them 


WANTED— WELDING CONTRACTOR 


To furnish crew of about 50 welders, with or with- 
out machines, for work on Navy Craft in Ohio 
River Shipyard; crew to include reliable foremen 
and leadmen; Prime Contractor to pay wages at 
its prevailing shipyard rate, maintain all necessary 
records, secure Workmen’s Compensation and 
Public Liability insurance, and furnish all primary 
articles of work such as rods, electrode-holders, 
etc. Please make immediate inquiry. Box 131. 


Unequalled for Quality 


A Flux for every metal: Cast Iron Welding Flux 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4, 
for brenze-welding cast iron; *‘ABC” Aluminum 
Flux Ne. 8 for sheet Aluminum and all alloys of 
Aluminum; Stainless Steel Flux No. 9; Silver 
Solder Brazing Flux No. 10; No. 16 Silver Solder 
Paste Flux. 


ANTI-BORAX COMPOUND COMPANY 
Fort Wayne, Indiana 


ELECTROLOY ALLOYS for RESISTANCE WELDING ELECTRODES and DIES 


Spot ELECTROLOY ALLOYS were developed specifically for the resistance welding industry. ELEC- 
TROLOY ALLOYS cover the full range of physical properties necessary to the manufacturers and users 


— of resistance welding equipment. 

utt Our engineers will be glad to make recommendations for your special electrodes. Submit samples or 
Flash specifications. 

Projection Catalog and prices available on request. 


THE ELECTROLOY COMPANY, InmC. 1600 Seaview Avenue, BRIDGEPORT, Connecticut 
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WROUGHT IRON SUBSTITUTION 
FOR COPPER 


Engineers of the Bonneville Power 
.\dministration in Washington have un- 
overed in wrought iron a capable sub 
titute for war-scarce copper and alumi 
num electrical buses 


Fig. 1 
B 


The Welded Wrought Iron Pipe 
us Connection at Bonneville Consists of a 
Fixed Support, Y-Brace, Corona End Bell 


and Bend. The Pipe Is 4-In. I.P.S. 


In commenting upon the suitability of 
wrought iron for electrical buses, as 
exemplified in the installations at Bonne- 
ville, Mr. Gerber, assistant Engineer, 
stressed its following qualifications 

1. At 115 kv. and 230 kv., the buses 

are found to be well within the carrying 
capacity of wrought iron pipe, the largest 
size required being 4-in. I.P.S. standard 
weight The current-carrying capacity 
may be further increased, if necessary, 
by slotting the pipe along its length to 
break the ferrous loop, and by coating the 
pipe with a dull black paint to increase the 
heat emissibility. 
2. Wrougl.t iron has a high modulus of 
elasticity, permitting long spans, parti 
cularly with ice and wind loading, thus 
Saving on insulators, fittings and sup 
ports. 

3. It has good corrosion-resisting prop- 
erties. Paint gives it additional pro 
tection and is easy to apply. 

4. Welding is an easy, quick and eco 
nomical way of joining the pipe into what 
ever bus arrangement is desired. All 
clamp-type fittings are eliminated, since 
welding produces joints that have high 
electrical efficiency as well as perma- 
nence. 

5. It expands less than copper or alu 
minum, necessitating fewer expansion 
joints 

6. It costs less than aluminum or 
copper pipe of same size. 

7. Welded buses reduce corona forma- 
tion. 


1944 


Fig. 2—First Recorded 
Wrought Iron Electrical Buses Is An- 
nounced by Engineers of the Bonneville 
Power Administration. With Copper and 


Installation of 


Aluminum Unavailable, 8000-Yr.-Old 
Wrought Iron Has Been Found to Be 
a Capable Substitute. The Joints Are 
Welded 


The wrought iron buses at Bonneville 
were finished by first removing the pro 
tective asphalt varnish from the pipe and 
by cleaning it with an abrasive, then by 
applying a coat of synthetic red lead and 


two coats of aluminum paint 


YEAR-END INCENTIVE PAYMENTS BY 
THE LINCOLN ELECTRIC CO. 


Saying that he refuses ‘‘to renegotiate 
his own workers,”’ despite renegotiation 
proceeding now pending between his 
company and the Navy Department, J 
F. Lincoln, President of The Lincoln 


Electric Co., on December 11th announced 


the distribution of the year-end pay 


averaging over $2250 per employes 
The payments were computed on the same 
basis as that of the previous ten years in 
which the earnings of a man, combined 
with his years of service and his develop 
ment, gaged the amount of money he 
received 

These year-end checks which were 
distributed at the plant at noon, ranged 
from $25 in the case of a newcomer, to 
$50,000 in the case of an engineer, whose 
genius produced a new type of welder 
which cut the cost of production by nearly 
50% 

Ninety per cent of the distribution, 
which totalled approximately $3,000,000 
went to so-called factory ployees and 
office workers The only people who did 
not participate in the distribution were 
J C. Lincoln, Chairman of the Board, and 


By producing’’ Lincoln said, “at the 
rate of more than four times that of any 
other company manufacturing a similar 


type of product, our workers are entitled 


SOCIETY AND RELATED ACTIVITIES 


to rewards somewhat proportionate to 
their participation in this remarkable 
production achieveme: 

Because ol i er the last ten 
years, enormo i ind 
elling price have b ’ ed, co any 
T ord how A vel na- 
chi which orig ‘ lor now 
for $18 ae | f welding elec- 
trodes originally lling at 15¢ now sells 
for 4.8¢ Th i i to be less 
than half th t f motor ator 
set of the sam capacity used for other 
purposes 

“One would expect,’’ Lincoln said, 
“that during a period of war, when the 
country is fighting for its life, an achieve- 
ment of this kind would be encouraged. 
Exactly the opposite is being done. 

‘Because of the incentive system which 
has reduced the labor cost per piece by 
more than 50%, but which has increased 
the yearly i me of the worker, the 
Treasury Department has seen fit for the 
year 1941 to assess the company $1,600,000 
because they state we paid our men too 


much, in spite of the fact that the pay per 


piece was less than a manufacturer 


making a comparable product. Because 
we manufactured so efficiently and sold 
at such a low price, we have been re- 


negotiated to the tune of $3,250,000, while 
no other manufacturer making the same 
product has been ren 


product 


“Because of the efficiency of the opera- 
tion and the reducing of the prices as 
rapidly as the cost has been reduced, the 
welding industry has saved the Govern- 
ment over the last two years more than 
$100,000,00% compared to comparable 
products. If the ume incentive and 
consequent efficiency were obtained gener- 


ally in the war effort, there would be a 


reduction of at least 50‘ in the cost of 
this war and a d 


ouDdling in its tempo 


SAFETY BOOK 


The National Fire Protection Associa- 
tion of 60 Batterymarcl pt Boston 10, 
Mass., has issued a book of 502 pages on 


The National Fire Codes for Flammable 


Liquids, Gases, Chemic« ind Explosives 
compiled by Robert S Moulton, Tech- 
nical Secretary N. F. P. A. One section 
relates to Gas Systems for Welding and 


Cutting—Standards for the Installation 
and Operation of Gas Systems for Weld- 
ing and Cutting 


YEAR BOOK 


As previously announced the Year Book 
this year will be published in February 
1944 instead of December 1943 It will 
no longer be issued as a part of Tue 


WELDING JOURNAI Owing to govern 
ment restrictions on paper, a limited edi- 
tion will be published. Copies will not be 


sent out as heretofore to the entire mem- 


bership list. Members desiring a copy, 
however, may obtain one by writing to the 
Secretary requesting a copy 
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NEW PRODUCTS 


The Society assumes no responsibility 
for the validity of claims in this Section 


WELDING-MASK COVER GLASS 


Bullock ‘“‘Dalite’’ Processed Cover 
Glasses are regular glass processed with a 
protective coating, either blue-tinted or 
clear, that is intended to shield glass 
against heat breakage and damage from 
metal splatter. ‘“‘Dalite’’ is completely 
covered with this tough, baked-on protec- 
tive coating designed to prevent pitting, 
peeling and easy marring by scratching. 

Blue-tinted glass is offered for added 
protection to workers’ eyes—checking 
harmful rays and glare. ‘‘Dalite’’ is proc- 
essed to offer substantial reductions in 
time otherwise wasted in replacing broken 
or easily pitted cover glasses. Hopkins 
Engineering Co., 2-159 General Motors 
Bldg., Detroit 2, Mich., or 230 North 
Michigan Ave., Chicago 1, IIl 
Bullock Co., Mfr., Berkeley, Calif 


ALL-POSITION ELECTRODES 


“Raco” Type H-D No. 11 A.C. Elec- 
trodes are designed to produce All-Position 
welds of highest quality. These electrodes 
are particularly adapted to X-ray perfect 
welds such as required in shipbuilding, 
pipe-line construction, boiler work, etc 
The arc characteristics are excellent; the 
slag is easily controlled; and the weld 
metal is smooth and sound. The weld 
metal quality is superior to that produced 
by the “old line’’ reverse polarity elec 
trodes. No special training is required if 
operators are familiar with d.-c. all-posi- 
tion welding. 

‘‘Raco” H-D No. 11 Electrodes may be 
used on direct current with excellent re- 
sults. For further information write 
The Reid-Avery Co., Dundalk, Baltimore, 
Md. 


SHIPBOARD INSTALLATION OF 
FIBERGLAS BOARD 


An interesting exhibit at the 25th an- 
nual meeting of the National Metal Con- 
gress in Chicago, October 18th to 22nd, 
was the exhibit of the Nelson Specialty 
Welding Equipment Co., demonstrating 
the use of the Nelson automatic electric 
are stud welder in installing Fiberglas in- 
sulation board on ships. 

Engineers, physicists and business men 
crowded about the Nelson booth to watch 
trim girl welders fasten the Fiberglas board 
to steel plate, using the welding gun in- 
vented by 36-year-old Ted Nelson who a 
few years ago was a welder in the Mare 
Island Navy Yard. 

Shipyards are now using the Nelson stud 
welder to secure wood decking, insulation, 


electric fixtures, switch boxes, multiple 
cable runs, and for other shipboard instal- 
lations where whatever is being installed 
must be secured to steel plate. A fast 
operator can weld 1000 studs in an 8-hour 
shift, saving 75% of the time required for 
hand welding. 

The Nelson gun holdsa steel stud approxi- 
mately !/; in. from the steel plate during 
the time an electric arc burns between the 
stud and the plate. The timer then shuts 
off the electricity and the gun plunges the 
stud into the plate, causing the molten 
end of the stud and the molten puddle of 
steel on the plate to fuse completely, re- 
sulting in a dense, solid end-weld 


LOW-COST WELDING POSITIONER 


In the line of welding positioners re 
cently introduced by Harnischfeger Corp., 
Milwaukee, is this 2500-lb. capacity model 
WP-2 which, according to the manu- 
facturer, is priced in the lowest brackets for 
its class Featuring flexibility of use, 
simplicity and easy operation, it is de- 
signed for production line welding as well 
as job work, maintenance, etc As in 
senior models, construction throughout 
is all-welded rolled steel. Table is 42 in. 
diameter, has 18 handy radial slots for 
mounting fixtures and is turned manually 
Tilting is controlled 
by hydraulic power with 135 


to suit welding speed 
beyond 
horizontal position attainable. Both table 
movements have positive locking devices. 
Telescopic column with self-locating stops 
provides for table elevation from 28 in. 
minimum to 60 in. maximum from floor, 
depending on type of mounting. Port 
able or column-in-floor mountings are 
available. The design is marked by sturdy 
and safe construction in all parts. For ex- 
ample, the removable table is held to platen 
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Platen index is welde 


by ten heavy bolts 


integrally with king pin which is held i 
position by large safety lock nut N 


gearing is exposed. Available extra equi; 


ment includes electric 


power or ring gear 
and handwheel assembly for table turning 
with foot or push-button control, higher 
than standard columns in increment 
one foot and roller equipped outboard 
supports for handling long or large weld 
ments. Equipment for power table rota 
tion, constant speed of 1 rpm may also | 
are readily 
Complete 


specifications and literature available from 


had, and all table assemblies 
interchangeable in the field 


manufac turer on request 


WELD RECORDER 


General Electric weld recorders ar 
materially helping to produce high-quality 


welds, at the same time effecting a saving 


of time and labor Shown mounted with 


a synchronous thyratron spot-welding 
control in a portable case is one of thes« 
recorders in operation at the E. G. Budd 
Manufacturing Co., Philadelphia, Pa., 
where a large number of them are being 
used to fabricate stainless steel parts f 
aircraft 

he weld recorder registers on a paper 
chart excessive variations in the current 
to the welding machine, which might 
cause weak spot welds, sounds a bell to 
warn the operator and automatically 
shuts down the machine 

The recorder is used in conjunction 
with a synchronous thyratron spot-weld 
ing control equipped with a removable 
sequence panel and a voltage regulator 
The latter, when used with the heat con 
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Welded Monel Chain Better 
by 7 to 1 Margin 


Youngstown Welding and Engineering Co. 


helps steel mill cut pickling cost per ton of finished steel... 


output substantially increased 


Here’s a record of trouble-preven- 
tion and economy that’s highly im- 
portant to users of pickling equip- 
ment. 

It's the success story of welded 
Monel chains designed and fabri- 
cated by the Youngstown Welding 
and Engineering Co., and used in 
mechanical picklers by one of the 
country’s largest producers of al- 
loy steels. 

Before the war the mill used the 
Monel chains to pickle alloy steels 
in 10% sulfuric acid at 150° F.- 


165° F. Now with the mill at war- 
time speed, Monel chains do their 
part... reducing down time... 
keeping production rolling! 

When cast alloy chains were 
used, the life was short and even 
during the short life, frequent re- 
pairs were necessary. 

But with Monel chains the mill 
gets seven times the life without 
any maintenance. Handling 5 ton 
loads, welded Monel chains, aver 
age total loads of 20,000 tons during 
their service life. 


A serious problem with the orig- 
inal chains was copper-flash, which 
reduced the response of the alloy 
steels to the carburizing treatment. 
Monel chains eliminated this haz 
ard completely. 

Welded Monel sling chains are 
also used in loading the picklers. 

Tough, strong and highly resist 
ant to corrosion, welded Monel is 
uniquely suited for pickling use. 
Further information about the use 


of Monel in pickling will be sent to 


you on request. 


Mechanical picklers at work in one of America’s large steel mills 
Average load on pickler is 5 tons; tubes and bars up to 6” O. D. and 
20 feet long are pickled. Chains move 20 feet per minute. 


MONEL 


(monet “Monel” is a registered trade-mark of The International Nickel Company, Inc., which is 
: =» applied to a nickel alloy containing approximately two-thirds nickel and one-third copper 


Further detail of welded Monel links. Chain 
of this type has handled up to 20,000 tons of 


steel in pickling operation, is stillin service. 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK 5, N.Y. 
1944, ADVERTISING 7 
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trol by the phase-shift method, auto 
matically compensates for variations in 
line voltage, thus tending to hold the weld 
ing current constant. A half-cycle pro 
tective relay in the control also warns the 
operator should one of the thyratron tube 

fail to function properly 


SIGNALLING TIMER 


The new, Series S, Signalling Timer is 
designed to command visual and audible 
attention the instant a time interval is 
completed. It is exceptionally versatile 
in applications in that it provides for the 
automatic closing or opening of a circuit 


at the end of elapsed time, and operates 
additional buzzers, bells or lights at remote 
locations. These timers are also used in 
welding operations. For further informa- 
tion address Industrial Timer Corpora- 
tion, 117 Edison Place, Newark, N. J. 


JESSOP CATALOG 


The Jessop Steel Company of Washing- 
ton, Pa., pioneers of stainless-clad and 
other composite steels, announces the pub 
lication of a new catalog on Jessop Stain- 
less-Clad Steel. 

Included in this helpful literature is in- 
formation on analyses, applications, manu- 
facture, fabrication, styles of heads and 
standard size of sheets and plates. It also 
gives a comprehensive explanation of the 
exclusive patented ‘‘assembly method” 
used in producing Jessop Stainless-Clad 

Of special interest to fabricators con- 
templating the use of this composite metal 
are the sections on deep drawiug, grinding, 
polishing, cleaning, gas-cutting, riveting, 
soldering, welding, etc. 

Copies of the Jessop Stainless-Clad Steel 
booklet are available without obligation on 
request. 


PUSH-BUTTON UNITS 


A new lime of standard-duty push-button 
units designed for flush or surface mount- 
ing on machine tools, welding controls and 
similar equipment, has been announced by 


the Industrial Control Division of th: 
General Electric Co. 

Available in both the pendent and th 
oilproof types, these units are made of 
smooth, hot-molded, moisture-resisting 
phenolic compound The buttons ar 
large in diameter and slightly concave t 
fit the tip of the finger. The responsive 
double-break contacts are of fine silver 
and have a steel! back projection, protected 
by rust-resisting plating, welded to th 
contact supports. The small size of the 
units permits mounting several of them 
a relatively limited space. 


PROBLEM 


How to repair this cast iron exe 
haust with a color matching, heat 
resistant weld? With high temper- 
ature, fusion welding there was 
great risk of stresses, new cracks, 
and distortion even in the hands 
of the most skillful welder. Bronze 
brazing could not be used since 
the job requires a perfect color 
match, 


NO GENERAL 


PREHEATING 
REQUIRED FOR 


WELDING 
CAST IRON 


SOLUTION 
e Weld- 


Eutectic Low Temperatur 

ing Alloy No. 14 was tried. Its low 
binding temperature (950-1400°F) 
eliminated risk of stresses, new 
cracks, and distortion. Many jobs 
require only slight local preheat « 
Weld has high heat resistance « 
Easily machinable « Perfectly color 
matching. 


EUVTECTIC LOW TEMPERATURE WELDING ALLOY RODS FOR CAST IRON 


Altay We Purpese 
15 Filling cracks, defects 
14 High strength joining 
16 Joining cast iron to steel 
248 | Cast iron not subject to stresses 
24 Cast iron subject to stresses 


Binds ot °F Tensile Strength. psi | 


354°- 600° | 1,140 [pressure) Yes 

950° - 1400° 48,000 Yes 

1300° - 1600° 117,000 Yes 
38,500 Yes 

20-30,000 Yes 


For oxy-acetylene: Eutectic Nos. 14, 15, 16.] For AC-DC Metallic Arc: Eutectic Nos. 24, 248 


Chart of 43 Eutectic Alloys for every metal and every welding job available free upon request. 


36 PAGE “KNOW-HOW” MANUAL E —WRITE TODAY! 
Telis How Eutectic Can Help You! 


*Reg. U.S. Pat. Off, 
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Here’s a Picture 
The Knemy 


Doesn't Like ¥ 
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TTHEN a large mid-western war plant converted 

to the manufacture of an important chemical 
bomb, it looked for a while as if production would 
be seriously limited. Chief cause of this threatened 
bottleneck lay in the joining of the cylindrical center 


section—the operation you see pictured here. 


Today, thanks to Mallory skill and experience, the 
problem is solved and the bottleneck removed. The 
core of the bomb is quickly joined by Mallory re- 
sistance seam welding electrodes. These are made 
of tough Mallory3 Metal. Throughout the entire 
welding operation, wheel and weld are constantly 


cooled by a running stream of water. 


As a result of this combination, three highly desir- 
able objectives have been obtained. Welds are strong 


and of excellent quality. Excess warping is avoided, 

and dimensional stability assured. Finally, the weld- 

ing wheels go through long produc tion runs before 

it is necessary to dress the welding face. 

Naturally, this is a story the enemy doesn't like. 

But then, the whole trend of Mallory advancement 

is running against the Axis tide. In scores of other me 
factories today, Mallory engineering has resulted in 

longer electrode life <6 * welds of higher strength 

and consistency . . . faster, better wartime produc- 
tion—frequently at lower cost. This same experi- 

ence is ready to be of service to you—no matter 

what your welding problem, or to what kind of prod- te 


uct it happens to apply. Write today for the com- 
prehensive Mallory Resistance Welding Data Book 
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P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA |e ‘ 
Pre 
Your Pledge of Faith—Covernment War Bonds LM 
A L L 0 R T Resistance Welding Electrodes 


TUNGSTEN ELECTRODES 


Callite Tungsten Corporation of Union 
City, N. J., pioneers in tugsten metallurgy 
for over 25 years, have applied their ac- 
cumulated knowledge and experience to 
the development and production of better, 
time-saving tungsten electrodes for atomic 
hydrogen, helium and argon are welding 
These welding methods are widely used in 
war industries where they have been found 
quick and efficient for the manual and 
automatic welding of such metals as alu- 
minum, duraluminum, nickel, chrome, 
monel metal, molybdenum steels, copper, 
stainless steel, brass and bronze. 

Callite Bulletin No. 154, just issued, 
describes the application of Callite tung- 
sten electrodes by atomic-hydrogen, he- 
lium and argon arc welding and gives com- 
plete data on the Callite tungsten elec- 
trodes available—their physical properties, 
dimensions and current range in amperes 
Users of welding electrodes will find this 
bulletin extremely interesting and informa 
tive. Copies may be had on request to 
Callite Tungsten Corp., 540 Thirty-ninth 
St., Union City, N. J 


SPOTLIGHT FOR ARC-WELDING 
OPERATORS 


A new spotlight designed to provide 
glareless illumination of sufficient intensity 
for an are-welding operator to see his work 
distinctly through the dark lens of a weld 


IN THE RED DRUM 


EFFICIENT 
ECONOMICAL 
DEPENDABLE 


FOR WELDING 


ing helmet prior to striking the arc, has 
been announced by the Electric Welding 
Division of the General Electric Co. The 
new spotlight (Cat. 89X391) is especially 
desirable for production-line welding in 
which the establishment of the arc must 
be made quickly and accurately, such as 
in the welding of thin materials, light 
alloy castings and aircraft parts. 

The spotlight is designed to increase 
production by saving time and reducing 
operator fatigue, since it is not necessary 
for the operator to lift his helmet before 
striking the arc. It also reduces spoilage 
of exacting work because the operator 
can strike the are precisely where required 

Mounted on an upright, telescoping 
metal standard and set firmly in an 18'/, 


in. diameter, 30-lb. cast-iron base for 
stability, the spotlight consists of three 


300-watt reflector spot lamps surrounded 


by a circular shade. Rated to give 1000 
hr. of continuous operation at 120 v., the 
lamps are mounted in adjustable porcel 
holders, so that the area covered by 
light beam can be increased from a sing 
sharp spot 7 in. in diameter to a cloy 
leaf shaped pattern approximately 17 
across at its widest point 

Controlled by a foot-operated swit 
which is depressed by the operator whi! 
the arc is struck, the unit is equipped with 
a 10-ft., oilproof, heavily jacketed cab! 
with plug for connecting the light to 1 
electric circuit. Except for the insi 
telescoping section of the standard, 
entire unit has an attractive black crackk 
finish, and is furnished completely wir 
and ready for operation. 


WELD BEND TESTING 


The Tempilscale for weld bend testing 
is providing to be an invaluable aid wher- 
ever welding has to meet required stand- 
ards. 

The pad contains 25 sheets (approxi 
mately 3 x 6 in.). Each sheet has one 
edge carefully ruled in '/sths of an inch, 
making it possible to measure up to 3 in 
to the nearest '/ioth of an inch. The 
black-on-white graduations are easy to 
read and help to achieve good accuracy 

Printed on rag-content paper, the scale 
not only offers a practical substitute for 
the hard-to-get and easy-to-lose flexible 
steel rule, but is actually easier to use 


and CUTTING 


Use National Carbide in the Red Drum 


60 E. 42nd St. 
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DISTRIBUTORS 
FROM 
COAST TO COAST 


The VICTOR “GAS-0-DOME” Regulators 


In addition to the many standard spring-loaded dia- 
phragm types of single and two staged reduction re- 
gulators, we offer a series of gas-loaded diaphragm 
types of regulators for a wide variety of purposes. 
These regulators are obtainable for delivery pres- 
sure ranges up to 5,000 p.s.i.—pilot regulator or 
valve loading controls. If you have unusual pressure 
regulating problems, write today for the Victor 
“Gas-O-Dome” Regulator Bulletin. 


VICTOR EQUIPMENT COMPANY 
844 FOLSOM STREET + SAN FRANCISCO 
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because it can be more readily applied to 
sharply curved surfaces. The face of 
each sheet provides for a permanent 
record of the test data, while the back car- 
ries a handy table of figures, giving the 
required elongation to cover practically 
every conceivable case. 

One of the chief merits of the Tempil- 
scale lies in its prevention of borderline 
failures in weld bend testing. Under 
customary methods the bending is inter- 
rupted a few times to measure the elonga 
tion with a flexible steel rule. Very fre- 
quently the required elongation is over- 
run sufficiently to cause a borderline fail- 
ure of the weld 


LENSES 


Noviweld-Didymium lenses for tlame 
welders are now available in a No. 3 
shade, American Optical Co. of South- 
With the ad- 
dition of this lighter shade, which is 
particularly useful for welders working 
on aluminum, Noviweld-Didymium is 
now available in four shades: 3, 4, 5 
and 6. 

The concern states that lenses made 
from this glass absorb sodium flare, thus 
enabling flame welders to see working 
areas more clearly. In addition, the glass 
protects eyes against both ultraviolet 
and infrared radiation. Ground and 
polished to ophthalmic standards, the 
lenses preserve orange and red color values 
so that welders can see the red hot bead 
and the molten metal in brilliant colors. 


bridge, Mass., announces. 


The lenses, adds the concern, can im- 
prove the efficiency of welders and the 
smoothness of their welds. As a result, 
chipping, grinding, wire brushing and 
other secondary operations are reduced 
in time and cost. 


SPOT WELDER 


Larkin Lectro Products Co. manu- 
factures a complete line of resistance 
welders, spot, seam, butt, projection, as 
well as resistance heating units. These 
machines vary from 1 to 75 kva. and 
include water-cooled tips, adjustable 
pressure pivot-type foot pedal, six or more 
heat stages and automatic trip switch. 

They are equipped with precision timers 


and contactors, high power factor corr 
tion, air or motor drives at additional « 

The company has also inaugurated 4a 
complete engineering service for resista: 
or arc welder problems. 


SUSTAINING COMPANY 


Tippett & Wood, 162 Howard St. 
Phillipsburg, N. J., organized in 186 
are pioneers in the design, construction 
and erection of elevated tanks and stand- 
pipes, railroad turntables. Build smal] 
steel highway bridges. Build buoys for 
the United States Government. Export 
materials to Mexico and South America 
Specialize in power house constructio: 
penstacks, boilers, smokestacks, coal bunk 
ers, boiler casings and air ducts. Tank 
of all sizes, shapes and materials. Build 
kilns, driers, ball mills, bins, dust colle 
tors, elevator buckets and other plate 
products used by cement, chemical and 
industrial plans. 


INSTRUCTIONS FOR SILVER BRAZING 


A new instruction sheet for torch brazing 
with silver alloys has been issued by 
Handy & Harman, 82 Fulton St., New 
York 7, N. Y. Itis available in bulletin 
form and in the form of a chart for mou: 
ing on the wall. 

Copies are available in either form to 
anyone who writes for one. 


R is for Reliable . . . an assured source of acetylene, 
without delivery delays from bottlers. 


Re is for Reserve . . . extra profits at each year’s end, 
from acetylene economies up to 75%. 


The three Ft’s... 


Ris for Recruits ...new acetylene-welding trainees for 
America’s huge industrial army. 


Sight Feed Acetylene Generators point the way 


to the three R's . . . why not apply their demonstrated advantages to YOUR business? 


THE SIGHT FEED GENERATOR CO. 


* SALES: RICHMOND, IND. «+ 


FACTORY: W. ALEXANDRIA, OHIO 
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Here, Adolph, are samples 
of yesteryear FACTS now turned FLOPS 


FLOPPED FACT 1: 
“You can’t produce 


all-welded ships” . 


FLOPPED FACT 2: 
“You can’t arc 
weld high-temper- 
ature, high-pres- 
sure piping” 


FLOPPED FACT 3: 
“You can’t weld 
cracking stills”’ 


FLOPPED FACT 4: 
“You can’t produce 
army tanks with 
arc welding” . 


FLOPPED FACT 5: 
“You can’t erect 
buildings by arc 
welding”. 


FLOPPED FACT 6: 
“Railroad cars are 
taboo for arc 
welding” . 
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..-Recourse to arc welding has 


filled the seven seas with 
them. 


.. The one safe way is through 


recourse to arc welding. 


.-Without recourse to are 


welding—our armed forces 
would be without high oc- 
tane gas. 


hrough recourse to arc 


welding—it’s the only kind 
they’re producing today. 


. -Savings in steel and money 


are represented in thousands 
of structures of every type 
—through recourse to arc 
welding. 


.-Watch them rolling the rails 


in every state—through re- 
course to arc welding. 
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SECTION ACTIVITIES 


BIRMINGHAM 


“‘Naval Construction”’’ was the subject 
of the November 22nd meeting of the 
Birmingham Section held at the Alabama 
Power Co. Building. R. W. Brendle, 
Welding Engineer, Tampa Shipbuilding 
Co., presented an unusually interesting 
paper, which created more interest than 
has been experienced for quite some time 
There were approximately 60 present at 
the meeting. Mr. Brendle’s paper was 
rather unique in that instead of following 
the usual practice of talking about good 
welding designing he also talked about 
faulty designing. 

A restricted Navy motion picture ‘Full 
Speed Ahead”’ was both entertaining and 
instructive. 

Unfortunately, Boyce Williamson, 
Naval Architect and Marine Engineer, 
was taken ill just before this meeting was 
held, but R. E. Jones, Chief Engineer, 
Ingalls Iron Works Co., substituted for 
him and did a splendid job in conducting 
the Question and Answer period. Credit 
was given Mr. Jones for his ability to 
create more interest in this Question and 
Answer period by the membership than 
has been shown in some time 


CHATTANOOGA 


The Chattanooga Section of the AMERI- 
CAN WELDING Soctety had “something 
to be thankful for’’ Tuesday, November 
23rd, when a real turkey dinner with all 
the trimmings was served at the Hotel 
Patten for members and visitor 
60 persons 


Over 
turned out for the “‘eats’’ and 
ihe entertainment 

The principal speaker for the occasion 
was R. W. Brendle, Welding Engineer of 
the Tampa Shipbuilding Co. of Tampa, 
Fla. His subject was ‘‘Welding in Naval 
Construction’”’ and his talk was illustrated 
by slides. He held his audience through 
both an inspired talk and also a spirited 
Question and Answer session 

The after-dinner speaker was C. M. S., 
McIlwaine of McCallie School, Chatta 
nooga, who talked on his ‘Seventeen 
Years in Japan.”’ 

A. U.S. Navy motion picture entitled 
‘Full Speed Ahead”’ was presented 


CHICAGO 


The Chicago Section of the AMERICAN 
WELDING Socrety held its regular monthly 
meeting on Friday, November 12th, in 
the Peoples Gas Light and Coke Co 
Auditorium. A movie, ‘“‘This Amazing 
America,’’ was shown through the courtesy 
of the Pennsylvania and Central Grey- 
hound Lines. Then followed the feature 
address by E. J. Wellauer, Supervisor, 
Research and Metallurgy, The Faik 
Corp., Milwaukee. 


Mr. Wellauer discussed some practical 
aspects of welding metallurgy, with par- 
ticular emphasis upon the properties of 
various metals and problems pertaining to 
the welding of cast steel. Slides of 
unusual applications of welding were also 
shown. The Falk Corp. is one of the 
world’s largest producers of large gear 
reduction units and power transmission 
equipment; as such, it has one of the 
largest heavy section weld shops in the 
Milwaukee area. 


CINCINNATI 


At the December meeting held on the 
7th at the Hotel Alms, the subject, ‘“‘The 
Unionmelt Welding Process,’’ was pre- 
sented through movies, slides and speaker 
by The Linde Air Products Co 


CLEVELAND 


The regular meeting of the Cleveland 
Section of the AMERICAN WELDING 
Society held Wednesday, December 8th, 
at 8 o'clock at the Cleveland Engineering 
Society, was a grand success 

The speaker of the evening was E. J 
Wellauer, Supervisor of Research and 
Metallurgy, The Falk Corp., Milwaukee, 
Wis., on the subject, ‘‘Castings, Their 
Uses in Weldments.’’ His talk approached 
the factors of 
associated with 


metallurgical problems 
welded castings and was 
followed by a discussion of engineering 
properties of welded castings, and finally, 
practical examples of the use of steel 
castings in weldment 

Mr. Wellauer 


broad knowledge and 
experience i 


1 metallurgical research makes 
him particularly well qualified to discuss 
lealing with the characteristics 


ubiect 


and properties of metals and their adapt- 


ability to modern welding processes. 

Mr. Wellauer has been responsible for 
many outstanding developments in the 
manufacture of his company’s products 
which include gear unit transmissions for 


industrial, marine and rolling mill drives, 
speed reducers, steel castings and miscel- 
laneous items produced by welding and 
machining operation 

A graduate of Marquette University, 
Mr. Wellauer completed the University’s 
electrical and mechanical engineering 
courses and later received his master’s 
degree in metallurgical engineering at the 
University of Wisconsin 

George H. Scragg, Director of Adver- 
tising and Sales Promotion, White Motor 
Co.,. gave a movie talk entitled, ‘‘Aviation 
Memoirs.” 

Dr. Kent Van Horn, Aluminum Co. of 
America is scheduled for the January 12th 
meeting. His subject will be, ‘“‘Radio- 
graphic Inspection of Welded Plates and 
Castings.” 
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COLUMBUS 


R. N. Baughman, Manager, Cleveland 
Office, Magnaflux Corp., discussed the 
subject “‘Magnaflux and Zyglo Inspe 
tions’’ at the December 10th meeti 
held at the Southern Hotel. A dinner 
preceded the technical meeting 


DETROIT AND FLINT 


Two outstanding authorities, W. J 
Conley, Lincoln Electric Co., and F. A 
Lee, International Harvester Co., were 
the speakers at the December 2nd meeting 
of the Flint Division and the December 3rd 
meeting of the Detroit Section. Pro 
fessor Conley was formerly chairman of 
the Department of Engineering at the 
University of Rochester. Professor Conley 
presented the story of the Metallurgy of 
Welds and how welding affects the 
parent metal in language that all could 
understand. “Spot Welding of Heavy 
Alloy Plate for Postwar Work’’ was Mr 
Lee’s subject. Spot welding in ordnance: 
materials was considered noncommercial 
up to the time that the Internationa 
Harvester Co 


i 


undertook to prove the 


project feasible from the commercial point 
of view. They substantiated their pro 


by installing huge new batteries of 
specially designed resistance welders for 
the very job discussed by Mr. Lee. T! 
paper created tremendous interest and 
was well received 


INDIANA 


The Indiana Section of the AMERICA 
WELDING Socrety held their Novem! 
dinner meeting at the Central Y.M.C 
at Anderson, Ind., on the 19th 


There has been exceedingly fine 


operation and interest shown by the met 
bership this season; all dinners thus fa 
have been sellouts, the Anderson dinn 
totaling 105 present 

Indiana was fortunate in getting a 
authority on low-temperature welding 
H. W. Fcege is manager 
engineer of the Midwest territory for T! 
Eutectic Welding Alloys Co. of New York 


Mr. Foege presented a very interesting 


its guest speaker 


program which included a discussion of 
this new type of welding application, and 
used movies, as well as slides, to illustrate 
more fully 

The program officers of the Indiana 
Section are to be congratulated for doing 
such a fine job in obtaining such out- 
standing authorities on welding as guest 
speakers. 


LEHIGH VALLEY 


The regular monthly meeting of the 
Lehigh Valley Section of the AmEeRICAN 
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G-R MODELS 25-C and 35-C. The G-Rline for 1944 Is com- | 
plete, with a model for every requirement, operating on all r 


4 standard voltages. Outpst range from 100 to 3,000 amperes. A 


FOR 1944, G-R supplements its present well-established line of transformer-type 

welders with the “C” models described below: 

HIGHER POWER FACTOR... Lower input current. Smaller primary service re- 
quirements permit use of existing critical power. Power factor correction, stand- 
ard equipment on all "C” models. 


EXTRA-DUTY INSULATION... All "C” models Class-B equipped (glass and 
mica insulation). Assures ability to master adverse welding conditions. 

EVERY MODERN FEATURE... New housing, all parts readily accessible. New pri- 
mary switch for convenient control. Indicator permanently mounted on chassis. 


and the famous G-R Flux diversion type transformer, providing maxi- 
mum flexibility, stepless heat control, low maintenance cost, safety for the operator. 


Always ahead ... G-R Welders for 1944 again set the pace in modern design 
++. and value. 
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WELDING Society was held at the Hotel 
Bethlehem, 


\ humorous monologue by Mr. Howard, 
Bethlehem, Pa., on Monday former old-time minstrel, was enjoyed by 


December 6th, with Chairman H. W an appreciative audience 
Lawson presiding Chi was a joint Dr. H. C. Boardman, Director of Re 
meeting of the AMERICAN WELDING search, Chicago Bridge & Iron Co., 
Society and the American Society of Chicago, Ill., was introduced by Mr 
Civil Engineers Fritsch 

he speaker of the evening was LaMotte Hi topic—‘‘Locked Up Stresses in 
Grover who is Structural Welding Engi- Mild Steel Structures.”’ 
neer, Applied Engineer Department, Air Dr. Boardman gave a very interesting 


Reduction Sales Co., and a member of and instructive reading. He had the com 
the Special Subcommittee on Welding of mand of a very attentive group, the 
the American Bureau of Shipping. Mr 


majority of whom are employed on ship 
Grover’s 


Fabrication of Ships and construction 


3uildings,”’ was illustrated with lantern He was very generous in answering 
slide Mr. Grover presented typical questions, not only about ship plates but 
welding procedures and designs of welded pressure vessels, and had a very unique 
joints used in ship work. He also touched way of drawing questions from the 
on the prominent part welding will play audience. 
in postwar work. The Louisville Section was indeed 
The next scheduled meeting of the fortunate in having Dr. Boardman as a 
Section will be held at the Hotel Bethlehem speaker. 


on Monday, February 7th, at which time Mr. David Arnott, President of the 
Dr. J. W. Miller of the Reid-Avery Co American Welding Society and Vice-Presi- 
will speak on ‘‘Welding Electrodes.” dent and Chief Surveyor of the American 
Bureau of Shipping, will be guest speaker 
at the Dinner Meeting, January 18, 1944 
Mr. Arnott’s subject will be “Problems in 
Ship Welding.” 


LOUISVILLE 


Dinner was served to approximately 150 
members and guests at the Louisville 
Section’s meeting at the Seelbach Hotel 
on November 30th. 


MILWAUKEE 


The regular monthly meeting of the 

R. E. Fritsch, Vice-President of Tube Milwaukee Section was held on November 
Turns, Inc., acted as Master of Cere- 19th at Cudworth Post, American Legion 
monies. An after-dinner talk ‘Your Brother’s 


Brother vas given by Z =. 
President, Ampco Metal, Inc. The 
ing addr Metallurgy of Welding 
presented by Robert Schroder of the G 
Lakes Steel Corp. Mr. Schroder 


covered the welding of alloy steels 


NEW JERSEY 


The November meetings f the 
Jersey Section was held on the 16th at 
Essex House, Newark Dinner in 


Starlight Terrace preceded the meet 
Changeover from Riveted to Wel 
Construction of Light Combat Ta 
was the subject of John W. Sheffer 
Mr. Sheffer is General Electrical Engi 
at the American Car and Foundry 
Fabrication, joint design and weld 


were discussed 
NEW YORK 

On Wednesday, November 17th, 
New York Section held a panel meeting 


with the Metropolitan Section of 
American Society of Mechanical Engi 
at the Engineering Societies Buildi 
Technical chairman for the evening wa 
Edwin B. Ricketts, Consolidated Edi 
Co. of New York, Inc 

Speaker for the evening was Orville 
sarnett, Production Engineer, Metal & 
Thermit Corp., New York. Title of Mr 
Barnett’s address was ‘“‘Arc-Welding 
trodes—Their Coatings, Applications a 
Storage.” Mr. Barnett discussed the 


BRASS maxes BULLETS 


REGO Gas Plant Equipment to be 
safe, must be made of brass and | 
meee other critical metals. 


q | 
Conserve your equipment. 
You may not get more. 


by 


Using and Controlling High Pressure Ga 
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We manufacture a complete line 
of resistance spot welders from 
4, to 300 KVA for all types of 
welding. There is an EISLER 
WELDER for every purpose. 

TRANSFORMERS OF ALL TYPES 


WE INVITE CONTRACT SPOT WELDING 
IN LARGE OR SMALL QUANTITIES 
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Plone EISLER ENGINEERING CO. 
779 -SO. 13 Near AVON AVE NEWARK,3 N. 
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announces a significant achievement in the field 


of electro-magnetic stored energy resistance welding 


d-c current interpuptor — without arc 


Descriptive bulletin 201-A ready soon 


Write for your copy. 


PATENT PENDING 


THE SCIAKY DYNATROL provides the answer to contactor 
problems on electro-magnetic stored energy resistance welding equipment 
This high-speed device performs the function of accurately interruptiag 


the charging current to the reactor without ari 


The problem of interrupting a d.c. current in a highly reactive 
circuit has always been considered difficult because it is necessary to dissi 
pate the electro-magnetic energy stored in the circuit in order to stop the 
flow of current. On former Sciaky machines, this was accomplished by a 
contactor unit, which together with an arc-blowing device, arc-laminating 
shields, etc., produced a highly accurate interruption of the charging 
current 


However, in industrial production, the continuous arcing finally 


results in a deterioration of the contact tips, requiring periodical main 
tenance and replacement. It was considered desirable to solve this problem 
in such a way that the same consistent welds be produced hour any 
maintenance of the interrupting devic« To this end, cl DYNATROI 


was developed and was found to be not only a means of more accurate and 
efficient current interruption, but also, because of the shorter charging 


ting speeds 20 


time, actually increases opera 


The DYNATROL is available on all Sciaky Stored Energy machines 
up to S5OKW. 


SSeciaky 


Manvtacturers of ao Complete Line of 
AC ond DC Electric Resistance Welding Machines 


4915 W. 67th Street, Chicago, 38, Illinois 
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reasons for the various types of arc- 
welding electrodes and explained where 
each should be applied in order to obtain 
the best results. He described briefly 
the contents of electrode coatings, the 
different weights and thicknesses em 
ployed and the effect of each on the 
weld. The importance of proper storage 
of electrodes was also covered Mr 
Barnett illustrated his very interesting 
paper with numerous lantern slides 

The evening opened with a half-hour 
Question and Answer period conducted 
by H. O. Klinke, Republic Aviation 
Corp., Farmingdale, New York. At the 
conclusion of the evening, a sound and 
color motion picture, ‘‘Fabricated Stern 
Frame Thermit Welding’ was shown 
through the courtesy of Metal & Thermit 
Corp., New York 


NORTHERN NEW YORK 


The program for the coming meetings 
of the Northern New York Section is as 
follows: 

Thursday, January 27th—General 
Meeting of Coordinated Societies. Sub 
ject to be announced later. T. B 
Jefferson, Editor, The Welding Engineer. 

Thursday, February 24th 
speaker to be announced 

Thursday, March 23rd—‘'Welding in 
the Aviation Industry,’”’ by H. O. Klinke, 
Senior Welding Engineer, Republic Avia- 
tion Corp. 

Thursday, April 27th 
N... ¥. 


nounced 


Subject and 


R.P.I., Troy, 
Subject and speaker to be an- 


Thursday, May 25th—Annual business 


meeting 


NORTHWEST 


‘“‘Low Temperature Brazing’ was the 
subject of M. C. Robbins’ talk at the 
November 16th meeting held at Coffman 
Memorial Union, University of Minne 
sota. Mr. Robbins is Manager of Handy 
& Harman, Chicago, and is recognized 
as one of the foremost authorities in the 
fields of silver solders and low melting 
point silver alloys. Mr. Robbins illus 
trated by slides the use of silver on various 
war jobs, and also made an actual demon- 
stration of brazing various metals together, 
showing how the silver brazing alloy works 

Through the courtesy of W. M. Cordner, 
Sales Manager of the Northern Pump 
Co., there was shown the company’s film 
‘Precision Naval Machinery for Victory.” 


OKLAHOMA CITY 


The November meeting of the Okla- 
homa City Section of the AMERICAN 
WELDING Society was held on the evening 
of November 11th, at the Biltmore Hotel 
The speaker of the evening was W. S 
Loose, Metallurgist for the Dow Chemical 
Co., Midland, Mich Mr. Loose used a 
film sponsored by the Dow Chemical Co 
as a basis for his talk. This film covered 
in detail the entire procedure for the 
producing and refining of magnesium 
The electrolytic refining of the salts 
obtained from artesian wells in Michigan 


CREATING FASTER PRODUCTION 


WHEREVER IT IS USED — BECAUSE OF 
4 THESE 4 IMPORTANT ADVANTAGES: 
1, Fear of overheating cast iron 
can be forgotten with "York's 
77". Bronze can be applied from 
; : a dull red heat up to the molten 


é 2, Cleaning and grinding are un- 
2 necessary with "York's 77”. 


point of the cast iron. 


3, Chipping is unnecessary with 
"York's 77". A satisfactory bond 
is always guaranteed. 


4, Deteriorated cast iron can be 
welded with "York's 77". 


FREE Samples on Request 


Time Counts - 
Gas cut and Weld with 


SHAWINIGAN PRODUCTS 


CORPORATION 
EMPIRE STATE BUILDING, NEW YORK 1,N.Y. 


was quite interesting, as were the pre 
cautions necessary in working this meta] 
as compared to other metals of manufac. 
turers. As might be expected, the ma 
jority of the uses shown for this meta] 
were in connection with war effort air 
craft. Much discussion was had from the 
attendance, particularly as regards the 
technique and precautions to be used 
welding magnesium products 

This meeting was well attended by loca] 
members, and in addition, a number of 
guests from the local aircraft mam 
facturing and Army repair groups 
present 


PHILADELPHIA 


The Second War Production Panel] 
Discussion was held on Friday, December 
3rd, at the Engineers Club Junior Board 
Room Harry Irrgang, Superintendent 
W. K. Mitchell Co., was the Chairman 
E. R. McClung, Welding Engineer, The 
New York Shipbuilding Corp., and A. J 


Raymo, Welding Engineer, The Baldwin 
Locomotive Works, spoke on the subject 
“Causes of Failures and Porosity 
Welds 

PITTSBURGH 


The November 17th meeting of the 


Pittsburgh Section was addressed by Dr 
A. B. Kinzel, Chief Metallurgist, Unior 
Carbide & Carbon Research Lal 

New York Dr. Kinzel’s talk, “‘Welda 
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‘The Early Bird 
the 


Smart fellow! 


Before the night is over he’s about tomorrow's 
business! 


Here at McKay we are thinking of tomorrow's 
products ... markets .. . production. We feel sure 
no other modern process has contributed more to 
the acceleration of America’s wartime production 
than Electric Arc Welding. In the postwar economy 
it will be used more and more to fabricate better 
products at lower cost—that’s as Certain as the sunrise. 


Many “early birds” already are consulting McKay 


1944 ADVERTISING 


engineers on the adaptability of welding to their 
production problems. They know that McKay Stain. 
less or Mild Steel Welding Electrodes are from the 
“researched line’’—the line of electrodes that is con- 
stantly improved and perfected in one of the nation’s 
famous research institutes. 


And they’re not overlooking, either, the applica- 
tion of McKay Commercial Chain to vital plant 
operations; or the advantages of McKay Tire Chains 
in “keeping ’em rolling.” 


We admire these “early birds” — definitely! 


GENERAL SALES OFFICES: YORK, PA. 


THE McKAY COMPANY 


WELDING ELECTRODES ... COMMERCIAL CHAINS ... TIRE CHAINS 
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bility of Steel,’’ dealt with various factors 
affecting the behavior of steel on welding 
As a separate feature a 15-min. film 
covering principles and applications of the 
flame hardening process was shown 


PUGET SOUND 


The Puget Sound Chapter held their 
monthly meeting at the Gowman Hotel 
on Dec. 1, 1943. Due to the main speaker 
having to go East, a substitute program 
was presented as follows 

Film by Linde Air Products Co., 
“Construction and Operation of Acetylene 
Torch, Gages and Tanks.”’ 

Film by Alcoa on “The Welding of 
Aluminum.” 

The principal speaker was Jerry E 
Martin, Processing Engineer for the 
Boeing Airplane Co. Mr. Martin gave 
an exceptionally interesting talk on the 
welding processes used in the Boeing plant 


ROCHESTER 


The regular monthly meeting of the 
Rochester Section was held on December 
2nd. Dinner in the Rush Rhees Library 
Cafeteria of the University of Rochester 
preceded the meeting, which was held in 
the Lower Strong Auditorium of the 
University R. David Thomas, Jr., 
Director of Research and Engineering 
Arcos Corp., spoke on the subject ‘‘Weld- 
ing of Air-Hardenable Steels.”” Mr 
Thomas, a pioneer in the development 
of austenitic electrodes for welding air- 
hardenable steels, discussed the problems 
encountered in welding these steel: 


ST. LOUIS 


A Welding Symposium held by the 
St. Louis Section on November 23rd and 
attended by 47 welding engineers, is 
believed to be probably one of the most 
worth-while activities, outside of the 
regular meetings, held by the Section 
The success of this Symposium was so 
great that it has been tentatively planned 
to have two more such meetings during 
the year. Among those who attended 
this meeting were representatives of the 
shipbuilding industry, aircraft, motor 
manufacturers, refineries, steel casting 
manufacturers, tank fabricators, struc 
tural iron fabricators, etc. The following 
is an outline of the Symposium: 


Round Table Discussion on Arc-Welding 
Design and Practices 


1. Fundamental advantages of rolled 
steel—arc-welded design 

2. Design considerations in conversion to 
arc welding. 

(a) Start with small simple parts not 
requiring elaborate shop equip 
ment 

(b) Design problems in more com 
plicated structures. 

Designing for ease of fabrication. 

(a) Metallurgical factors affecting 
design such as, distortion, 
hardness, inherent cracking, 
etc. 

(b) Accessibility and positioning. 

(c) Sequence of welding and pro 
cedure control. 
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4. Economic considerations in design 

(a) Wide use of excessive welding. 

(b) Preparation and fit-up for weld 
ing 

(c) Specification of rod diameters 
and heats. 


SYRACUSE 


Leon C. Bibber, Welding Engineer, 
Carnegie-Illinois Steel Corp., was the 
guest speaker at the December 9th 
meeting held in the Museum of Fine Arts. 
Mr. Bibber’s subject was ‘‘The Elements 
of Welding Design.”’ 


WASHINGTON, D. C. 


[The second meeting of the ‘43-'44 
season of the Washington Section was 
held November 23rd at the Pepco 
Auditorium. An enthusiastic audience 
thoroughly enjoyed the Sections first 
Welding Question Bee. W. E. McKenzie, 
B. J. Brugge, C. E. Jackson, R. A. Mans- 
field, W. A. Haile and G. A. Ellinger, 
representatives of the Naval Gun Factory, 
Lincoln Electric Co., Naval Research 
Lab., Southern Oxygen Co., War Pro 
duction Board and the Bureau of Stand 
ards, respectively, ably and in good detail 
answered the wide variety of questions 
put to them 

The difficulty of welding Navy ‘M”’ 
bronze was expressed and methods such 
as silver soldering and brazing were re 
commended for overcoming the troubles 
A limit of 1% lead in the bronze would 
permit the satisfactory arc welding of the 
metal with no difficulty from lead sweat 
ing. 

An excellent discussion on fillet design 
and properties by Mr. Brugge brought 
applause from the audience. The deep 
fillet technique was explained at length in 
answer to a question pertaining to the 
strength of */,-in. fillets 

How the chemical composition of steel 
affects the weldability was covered by a 
lengthy discussion involving the current 
definitions of weldability. Many of the 
elements such as carbon, manganese, 
molybdenum, chromium described as the 
chiefly concerned elements, nickel, copper, 
silicon as less injurious and sulphur and 
phosphorus as offenders were reviewed 
The role of inclusions was mentioned 

After the Question Bee a lengthy moving 
picture, “Japan, Our Common Enemy,” 
was shown. Ex-Ambassador Drew was 
film narrator and the three sections of 
film furnished an excellent insight into 
the mental, physical and spiritual make-up 
of our enemy and his preparations for the 
war on his neighbors and the rest of the 
world 


WESTERN MASSACHUSETTS 


In opening the meeting of the Western 
Massachusetts Section on November 29th, 
at the Holyoke Trade School, the chair 
man, Mr. Emery, welcomed 93 members 
atid guests in attendance. Reports were 
heard from Mr. Hill of the program 
committee and Mr. Stray of the member 
ship committee. Under old business the 
matter of technical papers was discussed 
It was pointed out that papers had been 
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received from two members and tha 
closing date for the first contest peri 
was Dec. 20, 1943 

Proceeding to the technical part of th, 
meeting, Mr. Emery introduced A. kK 
Phillippi, Manufacturing Engineer 
Metal Joining at the Westinghouse 
tric and Mfg. Co. Illustrating his 
with about 20 actual samples of fur 
brazing, Mr. Phillippi covered the sul 
very vividly as shown by the inter 
the membership The various as] 
discussed were preparation of j 
time cycles, jigging, metals used, atn 
phere, strength of finished product 
future prospects for the process. 

At the conclusion of a short quest 
period Mr. Emery expressed the appr 
ciation of the group to Mr. Phillippi | 
his splendid presentation 

Following a brief recess, a sound movi 
titled “How to Weld Aluminum” wa 
hown through the courtesy of the Alumij 
num Co. of America. This was found t 
be a highly commendable demonstrati 
of method used to weld and braze 


aluminum and its alloys. Electric 
oxyacetylene and resistance welding were 
shown, as well as hand and furnace 


brazing 
This very successful meeting 
closed at 10:15 P.M. 


Employment 
Service Bulletin 


SERVICES AVAILABLE 


4-465. Associated with the welding 
dustry for the past nine years in the capa 
ties of welder, instructor and supervi 
Experience covers the field through 
struction, fabrication and maintenar 


One year of college 


BOARD OF DIRECTORS 


By letter ballot vote of the Board 
Directors, Mr. R. S. Donald has bee 
elected to take the place of Mr. J 
Gordon (resigned), on the Board 
Directors of AWS, for term expiri 
Oct. 1945; and Mr. H. C. Boardman, t 
take the place of Mr A. C. Weig 
elevated to 2nd Vice Presidency), 
term expiring Oct. 1945. 


BENDIX PLANT GETS NEW 
ARMY-NAVY STAR 


For sustained performance in the 
velopment and production of vital aircraft 
precision equipment for the armed forc« 
the men and women of the Eclip 
Pioneer division of Bendix Aviation Cor 
Teterboro, N. J., have been awarded t! 
Army-Navy production star citati 
The division won a previous Army-Nav} 
‘*E”’ more than a year ago. 
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Then you know how important it is that the metal 


deposited in the weld shall equal the Stainless 


you are welding. pace took away all uncertainty 
in that regard when they, in cooperation with the largest manufacturers of Stainless 
Steel, produced a complete range of PAGE-ALLEGHENY STAINLESS STEEL ELECTRODES—a range 


so complete that from it you can select the exact electrode for your work 


* * * 
| Because Stainless Steel stands so high on the list of critical materials, it is more than : 
| ever necessary to see to it that the electrode you are able to get will give you the proper e 


metal in the weld. And it becomes even more essential to see that you get electrodes 


of the proper diameter and that your men waste none of them. 


| PAGE STEEL AND WIRE DIVISION 


Monessen, Pa., Atlanta, Chicago, Denver, Los Angeles, New York, Pittsburgh, San Francisco, Portland 


AMERICAN CHAIN & CABLE COMPANY, Inc. 


A ESSENTIAL PRODUCTS... TRU-LAY Aircraft, Automotive, and Industrial Controls, TRU-LOC Aircraft Terminals, AMERICAN CABLE Wire Rope, 
~ TRU-STOP Brakes, AMERICAN Chain, WEED Tire Chains, ACCO Malleable Castings, CAMPBELL Cutting Mact FORD Hoists, Trolleys 
‘ = > HAZARD Wire Rope, Yacht Rigging, MANLEY Auto Service Equipment, OWEN Springs, PAGE Fence, Shaped Wire, Welding Wire 
Ww READING-PRATT & CADY Valves, READING Electric Steel Castings, WRIGHT Hoists, Cranes, Presses... ir Business for Your Safety 
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List of New Members 


BIRMINGHAM 


Ragan, W. J. (B), 2311—10th Ave., S., 
Birmingham, Ala. 


BOSTON 


Briggs, William M. (C), 63 Vincent St., 
S. Portland, Me. 

Brummitt, Parmenter W. (C), 49 Wall St., 
Quincy, Mass 

Drew, Harry S. (C), Bay Rd., Sharon, 
Mass. 

Haines, Glenn E. (C), Pickett St., S. 
Portland, Me. 

Kimball, Gerald W. (C), 28 Nevens St., 
Portland, Me. 

Pace, Harold F. (C), 306 Broad St., E 
Weymouth, Mass 

Raleigh, John S. (B), §S 
Canton, Mass 

Taylor, Stephen M. (C), Box 2185, S 
Portland, Me. 


CANADA 


Greene, R. L. (C), 10173—98th St., 
Edmonton, Alberta, Canada 


CHICAGO 


Gilson, H. B. (C), 11503 S. Lethair Ave., 
Chicago, IIl 

Nichols, Wm. W. (C), 2727 Ross Ave., 
Highland, Ind. 

Robinette, C. B. (C 
Broadview, Il 
Strothman, E. P. (B), 520 N. Michigan 

Ave., Room 324, Chicago 11, Ill 


, 2025 S. 23rd Ave., 


CINCINNATI 


Beaver, Clyde R. (C), 423 E. Third St., 
Cincinnati 2, Ohio 

Long, J. M. (C), Hartford Steam Boiler 
Insp. & Ins., 190A Carew Tower, 
Cincinnati, Ohio 


CLEVELAND 


Bouffard, Donald E. (C), 1520 Lakefront 
Ave., Cleveland, Ohio 

Eichhorn, Edward (C), 12705 Woodside 
Ave., Cleveland, Ohio. 

Schlabach, Capt. R. P., U.S.N. “RET.” 
(B), The American Shipbldg. Co., 1410 
Terminal Tower Bldg., Cleveland 13, 
Ohio 

Shane, Michael S. (B), 9304 Amesbury 
St., Cleveland, Ohio. 

Stenz, Rolland E. (B), 830 Chalker St., 
Akron, Ohio 


DETROIT 


Adamek, William E., Jr. (C), 22432 Bay- 
view Dr., St. Clair Shores, Mich 

Bezoff, Michael (C), 6315 Steadman St., 
Dearborn, Mich. 

Cantalin, John F. (C), 2333 Linwood Ave., 
Royal Oak, Mich 

Ford, A. R. (C), 424 Book Bidg., Detroit, 
Mich 


November 1 to November 30, 1943 


Kessler, Chas. A. (C), 11759 Promenade, 
Detroit 5, Mich. 


HAWAII 


Brush, George W. (B), P. O. Box 405, 
CHA-3, Honolulu 62, Hawaii 

De Thomasis, Domenic (C), Bldg. Sl, 
800—16th St., CHA-3, Honolulu 60, 

Dick, C. A. (B), 402—10th St., Naval 
Housing, Honolulu 50, Hawaii. 

Hawkins, William A. (C), 247-C Beach 
Walk, Honolulu 20, T. H. 

High, Drexel P. (C), 320 Leuters St., 
Honolulu 37, T. H. 

Hinnah, Mayburn Wm. (C), Valley, Neb 

Hohwill, Claude N. (B), 158 Poo Poo P1., 
Lauikai, Honolulu, Hawaii. 

Lee, Woodrow W. (C), 3611-A Maunalei 
Ave., Honolulu, Hawaii. 

Rooth, Edward T. (B), 245A Saratoga Rd., 
Honolulu, T. H. 


INDIANA 
Heck, Donald (C), 167 West 4th St., 


Sheridan, Ind 

Osterhous, Carl S. (B), Engineering Sales 
Co., 621 N. Illinois St., Indianapolis 4, 
Ind. 


KANSAS CITY 


Brigham, R. W. (C), Welding Equipment 
Supply Co., 1617 Walnut St., Kansas 
City, Mo 

Freeman, L. A. (C), 524 Brotherhood 
Block, Kansas City, Kan. 

Rambo, C. W. (C), 446 State Ave., Kansas 
City, Kan 


LEHIGH VALLEY 


Astleford, Thomas (B), Tippett & Wood, 
Phillipsburg, N. J. 

Basham, Alfred James (C), 718 George 
St., Throop 12, Pa 

Becker, R. W. (B), Tippett & Wood, 
Phillipsburg, N. J 

Epstein, Samuel (C), Dev., & Res., Dept., 
Bethlehem Steel Co., Bethlehem, Pa. 

Dommes, Louis F. (C), 1026 Froude Ave 
Scranton 5, Pa 

Fox, Sidney (C), Bethlehem Steel Co., 
Bethlehem, Pa 

Hooper, Harry (B), Tippett & Wood, 
Phillipsburg, N. J 

Hopkins, Fay E. (C), 84 Barnum PI, 
Wilkes-Barre, Pa 

Lambert, Russell O. (C), Worthington 
Mower Co., Stroudsburg, Pa. 

Lewis, Arthur S., Jr. (C), Tippett & Wood, 
Phillipsburg, N. J. 

Major, Forest S. (B), Tippett & Wood, 
Phillipsburg, N. J. 

Philipp, Karl H. (B), Tippett & Wood, 
Phillipsburg, N. J 

Pyne, Kenneth C. (C), 203 Lexington St., 
Allentown, Pa 

Moffat, T. R. (B), 1621 E. 4th St., Beth- 
lehem, Pa. 
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Luck, William H. (B), P. O. Box 134. 
Phillipsburg, N. J 

Schaeffer, Miles R. (B), Tippett & Wood, 
Phillipsburg, N. J. 

Swearingen, E. O. (B), Taylor-Whart 
Iron & Steel Co., Pierce Height 
Annandale, N. J. 


LOS ANGELES 


Binge, Burt (C), Hughes Aircraft Co 
Florence Ave. & Teale St., Culver City 
Calif 

Haggan, Samuel J. (8B), 533 W. 8th St 
Downey, Calif 

Reaney, D. E. (C), 305% Adriatic Ave., 
Long Beach 6, Calif 

Revell, G. L. (C), 4125 Charlene Dr., ] 
Angeles 43, Calif 


Swenson, L. W. (C), 11940 Aneta St ) 


Culver City, Calif. 


LOUISVILLE 


Adams, Vincent W. (B), Neill La Vielle 
Supply Co., 500 W. Main St., Loui 
ville, Ky 

Baier, John F. (B), Hotel Watter 
Louisville, Ky. 

Dewees, Shelby T. (B), Appleton Lane 
Shively, Ky 


Hoffman, William F., Jr. (C), E-9 Green | 
Tree Manor, Louisville, Ky i 


Rempe, Richard R. (B), c/o E. J. Electr 
Inst. Co., Jeffersonville, Ind 

Robbins, H. P. (B), 200 E. Brandeis Ave 
Louisville, Ky 

Taylor, Harry G. (C), 2028 Confederate 
Pl1., Louisville, Ky 

Uland, Harry E. (B), Uland-Davis Rubber 
& Supply Co., 300 E. Main St., Louis- 
ville, Ky 

Zoeller, B. J. (C), 
ville, Ky. 


Rt. 1, Box 563, Louis- 


MARYLAND 


Abbott, Jesse P. (B), 1055 N. Mieton 
Ave., Baltimore 5, Md. 

Burner, W. K. (C), 2422 Annor Ct 
Westport Station, Baltimore, Md 


MILWAUKEE 


Dyskow, Joseph E. (C), A. F. Wagner 
Iron Works, 1483 N. Water St., Mil 
waukee 1, Wis. 

Ihrig, Dr. Harry K. (B), Globe Steel Tubes 
Co., Milwaukee 4, Wis 

Manhoff, Milton (B), 2575 No. Stowell 
Ave., Apt. B, Milwaukee 11, Wis. 

Rosendahl, R. C. (C), 1013 North Chicago 
Ave., South Milwaukee, Wis 

Zilch, Carl J. (B), Bucyrus Erie Co., 
So. Milwaukee, Wis. 


MOBILE 


Guest, William R. (C), c/o Ingalls Ship 
bldg. Corp., P. O. Box 149, Pascagoula 
Miss. 

Lewis, Garland G. (B), 307 Third St 
Chickasaw, Ala. 
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with Unamatic 


1944 


Keep Your 
Rolling Stock 
ROLLING 


Welding 


MOLL 


Prompt delivery of Unamatic welding heads 
and electrodes is now to be had for shielded 
arc as well as light-coated automatic weld- 
ing. Unamatic welding is now available for 
urgently needed maintenance and repair 
of many kinds of equipment which cannot 
be replaced for a long time to come. 


Right now thousands of railroad and mining 
cars and locomotives need 
wheel rebuilding to keep them 
in service. Though Unamatic 
light-coated welding is widely 


= 
a 


and satisfactorily used for wheel rebuilding, 
Unamatic shielded arc welding now avail- 
able provides a better, denser metal of 
improved wearing quality and greater 
long-run economy. 


We are now able to give you complete 

service promptly on either type of Unamatic 

Welding, including engineering counsel on 
methods, costs, auxiliary equip- 
ment, etc. Write stating your 

\ problem or ask us to send some- 
one from our nearest office. 


yy 
UINAMATIC WELDING connmwous 
UNA WELDING INC. « 1615 COLLAMER AVE. + CLEVELAND, OHIO a 

ADVERTISING 


| 
a 
95 


Martin, Norman C. (B 
Circle, Chickasaw, Ala 

Porter, J. M. (B), 200 Fifth Ave., Chicka- 
saw, Ala 

Smith, Edward H. (B), Tenth St., 2W, 
Chickasaw, Ala 

Zampieri, John M. (B), 302 West Fourth 
St., Chickasaw, Ala 


, 28 West North 


NEW JERSEY 


Blumberg, Harry S. (B), 78 Irving Pl., 
New York 3, N. Y 

Farrell, Mark Walter (B), 474 Chester 
Roselle, N. J 

Dusenberry, Henry, Jr. (B), Madison 
Iron Works, 42 Park Ave., Madison, 
N. J 

Jacob, Carl E. (B), P. O. Box 291, Fords, 
N. J 


Notch, Edward (C), Superior Welding Co., 
70 Lock St., Newark, N 

Penman, Robert (B), Foster Wheeler 
Corp., Carteret, N. J 

Overmann, Oliver E. (C), 1207 Sth St 
North Bergen, N. T 

Von Bonin, Albert (B), Lithuim Co., 111 
Sylvan Ave., Newark, N. J 


NEW YORK 


Biderbost, John (C), 134-68—173rd St., 
Springfield Gardens, L.I., N. ¥ 

Bland, Julius (B), 4541—39th PIl., Long 
Island City 4, N. Y 

Burchfield, W. F. (B), International 
Nickel Co., 67 Wall St., New York, 
N. Y 

Eames, J. Owen (C), Yacht Service Ship 
yard, Port Washington, L.I.,N. ¥ 

Kilroy, William J. (B), 65-06 Central Ave., 
Glendale, L. I., N. Y. 

Ordonez, Manuel (B), Premier Welding 
Co., 1548 Atlantic Ave. Brooklyn, 

Snyder, Alton W. (B), 26 Emerson Ave., 
Dongan Hills, Staten Island, N. ¥ 

Tadlier, James W., Jr. (C), 49 Parkville 
Ave., Brooklyn, N. Y 

Valentine, Frederick J., Jr. (B), 
2d., Elmont, L. I 


Elmont 


NORTHWEST 


Buzicky, Edmund J. (C), 984 Albemarle 
St., St. Paul, Minn 

Le Jeune, L. L. (C), 3932 Xenia Ave., 
Robbinsdale, Minn. 

Le Vasseur, T. M. (B), Wyoming Iron 
Works, Wyoming, Minn 

Mueller, E. E. (C), 1728 No. 2nd St., 
Minneapolis, Minn. 

Victor, Edward J. (C), 411 Bryant, N 
Minneapolis, Minn. 


PHILADELPHIA 


Armbruster, Raymond M. (C), 1534--4th 
Ave., Mt. Ephrain, N. J 

Brown, Clark B. (B), 1125 S. 52nd St., 
Philadelphia, Pa 

Carmen, Joseph (C), 431 Pine St., Cam- 
den, N. J. 


Gipson, J. F. (C), 521 East Lancaster 
Ave., Downington, Pa. 

Handy, Lawrence B. (C), 411 Edgewater 
Ave., Westville, N. J 

High, Jacob T. (C), 6217 Chestnut St., 
Philadelphia, Pa 

Keeler, Nelson H. (C), c/o American 
Optical Co., 1522 Chestnut St., Phila- 
delphia, Pa 

Kovacs, George M. (C), U. S. Maritime 
Commission, 1015 Chestnut St., Phila- 
delphia, Pa 

Krauss, Howard T., Jr. (C), Fairview Rd 
& Mac Dade Blvd., P. O. Box 453, 
Woodlyn, Pa. 

Latorre, Michael D. (B), 920 East 14th 
St., Chester, Pa 

Lehman, Mark A. (C), 429 E 
Ave., Woodbury, N. J. 

Lillard, R. H. (C), 307 Pennsylvania Ave., 
Downington, Pa. 

Montana, Joseph (C), 4823 Chestnut 
Ave 9 March, N J 

Piersol, J. R. (C), R. F. D. 1, Downington, 
Pa 

Pollock, Wilson F. (C), Manor Ave., 
Downington, Pa 5 

Willis, John G. (C), 340 S. Jackson St., 
Woodbury, N. J 

Wohlsen, H. Frederick (C), 223 Almur 


Lane, Wynnewood, Pa 


Barber 


PITTSBURGH 


Mehl, Dr. Robert F. (B), Head, Metal 
lurgy Dept., Engrg. Bldg., Carnegie 
Inst. of Technology, Pittsburgh 13, Pa 

Olmstead, R. E. (B), H. H. Robertson 
Co., 14th St., Ambridge, Pa 


PUGET SOUND 


Reynolds, Bion J. (C), 2809 W. Raymond 
Apt. 330, Seattle 6, Wash 

Webster, A. W. (B), Webster Welding 
Co., 1211 Pine St., Seattle, Wash 


ST. LOUIS 


Perry, George F., (B), Steel Sales Corp., 
4565 Mc Ree Ave., St. Louis, Mo 


SAN FRANCISCO 
Barbee, R. J. (B), 157 DuBoce Ave., Apt. 


7, San Francisco, Calif. 

Falkin, Murray (C), U.S.S. A.B.S.D.3, 
Pollock-Stockton Shipbldg. Co., Stock- 
ton, Calif. 

Hipp, R. N. (B), Box 422, Minto Park, 
San Francisco, Calif 

Ingle, Cecil A. (B), 55 Meeker Ct., S., 
Richmond, Calif 

Livingston, N. C), c/o Joyer Hotel, 
Richmond, Calif 

Runions, James E. (B), 5434 Garvin Ave., 
Richmond, Calif 

Smith, A. Y. (B), 1821 Linden St., Oak- 
land, Calif 

West, R. C. (B), 1428 Grove St 
Calif. 


Berkeley, 
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SAVANNAH 


Bates, Dorsey M. (B), General Deliy 
Tybee Be ach, Ga. 

Brown, Elese H. (C), 520 Victory 
Savannah, Ga 

Cannon, Arron M. (B), 1625 Second 
W. Savannah, Ga 

Cheeser, W. C., Jr. (C), Southeast 
Shipbldg. Co., Southeastern Shipy 
Savannah, Ga. 

Crawford, Randall K., Jr. (B), South 
ern Shipbldg. Co., Southeastern 
Yard, Savannah, Ga. 

Lewis, Warren Jack (B), 821'/. E 
St., Savannah, Ga 

Norris, Joseph L. (B), 2406 Gaston 
Savannah, Ga. 

Buick, Clark C. (B), 
Savannah, Ga. 

Rogers, Albert G. (B), General Deliv 
Midway, Ga. 


SOUTH TEXAS 
Dougherty, D. A. (B), P. O. Box 


Texas City, Tex. 
Hall, Clyde S. (C), 817 14th Av 
Texas City, Tex 


SYRACUSE 


Cornell, William F. (C), 508 Eve: 
Bldg., Syracuse, N. Y 

Gruner, John A. (C), 125 Harding 
Syracuse, N. Y. 

Harr, H. C. (A), Easy Washing Machi: 
Corp., Solar & Spencer Sts., Syracus: 
N. Y. 

Knapp, Lester C. (C), 3537 S. Salina St 
Syracuse, N. Y. 

Reynolds, Herbert G. (C), Wks. Mer 
Lamson Corp., Syracuse, N. Y. 

White, Lynn (C), 122 W. Bissell 
Syracuse, N. Y. 


TOLEDO 


Huff, Howard F. (B), 37 W. Market 
Tiffin, Ohio 


WASHINGTON, D. C. 
Hodge, George W. (B), c-o Sout! 


Oxygen Co., Inc., P. O. Box 508 
Washington 19, D.C 

Siegel, Geoffrey J. (C), Naval Resear 
Laboratory, Washington, D. C 


ry, 


General Deliv 


WICHITA 


Hawes, J. E. (B), 1925 South Broadway 
Wichita, Kan 

Rutledge, W. E. (B), 1950 S. Wichita 
Wichita, Kan. 

Seltmann, Donald (B), 115 N. West Si 
Wichita, Kan 

Wheeler, Charles E. (B), 3158 Sali 
Ave., Wichita, Kan. 


NOT IN SECTIONS 


Goodman, Henry (B), Missouri Valley 
Bridge & Iron Co., Evansville, Ind. 
Kindler, Norman C. (B), 623 West St 
Three Rivers, Mich. 

Parker, Joseph R. (B), P. O. Box & 
Ocean View ‘'3,”’ Norfolk, Va. 

Strott, W. C. (C), 225 E. 25th St., Erie, Pa 
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